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(54) RHO-TARGETING PROTEIN OF RHO KINASE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a new protein 
compnsing a material having activated type of Rho 
protein-bonding ability and protein kinase activities 
and useful as an inhibitor against tumorlgenesis and 
metastasis, an inhibitor against smooth muscle 
shrinkage, a treating agent for circulatory system 
disease, a platelet aggregation inhibitor, etc. 

SOLUTION: This new protein is the protein having an 
ammo acid sequence of the formula, a bonding ability to 
an activated type Rho protein and protein kinase 
activities, or its derivative, and useful as an 


inhibitor against tumorlgenesis and metastasis an 
inhibitor against smooth muscle shrinkage, a platelet 
aggregation inhibitor, a therapeutic agent for 
inflammatory disease or autoimmune disease, etc The 
protein is obtained by synthesizing cDNA by using human 
brain mRNA as a replica, performing a PGR by using a 
pnmer synthesized based on a base sequence of cDNA 
of bovine Rho kinase to obtain a partial fragment of 
human Rho kinase cDNA. screening human cerebral 
cDNA library by using the partial fragment of the human 
Rho kinase cDNA as a probe to obtain a gene and 
incorporating the gene into a vector to express the qene 
In the host cell. 
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(54) [S&m<0^m: Rho©«5'>/"«^HRho=^r:?— y 


(57) ISi^] 

-?:«^2Sfr (Rhodr-^— If) !>v'45fe<?5i5':/ 
-/■^i^^tO^^^ili, SDS-PAGE{;iJ;.5Ji!l^-C»^l 

^-^->— tfwgfe^:*' v^-^j? Kt.* fcM^ ^tbS. 


(2) 

1 

[if^:S3] T'ciT'-f i^^-t-— ^;5S-fey 
®^>/-<;^Kifcti^(Oil^#:, 10 

m>km 5 1 SDS-PAGEtCj: 

[ft 7 1 IBJIJS-^ 1 <DT 5 y ®?iS?iJ(c 1 &L±(OT 5 
ttmrfBBB^iJ** 1 »r 5 y ®BB?U<0 l Si.±<DT 5 y 

[it*^ 8 1 ia?ij#-^ 1 1 ~ 8 9 ScDT 5 / KiB^iJ* 
fcfi-^rO^^J-ia^iJs *3J:TJf/*fci43 6 0~9 4 2#<o 
T 5 y iKlB^iJ* tc \-i^(on^Mm. *3 i ft 1 0 
6 9~1 3 8 SScDT? y^ia?iJ*fctt-^©^i)-ia?iJ:6S 

[ m^m 9 1 la i <o r 5 y ®?iB?ij75> e> s ^ ^^^-^ 30 
[f»*:si 01 ia?ij#-8- 1 <D 9 o~3 5 9#cDr 5 y^ 

ia?^lJt 9 4 3~1 0 6 8#(75T$y®?ia?lJt Sr'T-rSiJ' 

1 2 J ia?ij#-i- 4 ©T 5 y mmm^ hf^^. it 

imim. 1 3 ] BB?ij«-8- 4 5 y ^iE?ij{;i 1 ei±©T 40 
5 y®?Sa?iJ:S5#iPfc<tt^/*fcttffA$tt. *5<tt;5/:i 

fc(4ttiiHia3?ij#-^ 4 COT 5 y ^la^^ij© 1 ^±.<dt $ y ^ 

[if 1 4 ] Wmm^ 4®l~89#<DT5y miB^ij 
*fc»4^<??gi5i^@a?'J, *5j;t;t/*ifctt3 6 0~9 4 2# 

<DT5 y®BB?ij*fci4-^<D^^^ia?ij. *5<tt^/*fc« 1 

0 6 9~1 3 8 8 #COT $ y^ia?lJ*fctt^COgI5^)-ia?iJ 
<D^»{*:e 50 


mm^i 0-113187 

2 

[if*«i 51 iB?iJ#-^4<DT$yKia?ij*»?>'fes<5'>' 
Iit*:«i 61 ia?U##4©9 o~3 5 9#iDr$y^ 

la^iJt 9 4 3~1 0 6 8#©T$y^iajiJi:?r*-r5)^5' 

[ft 1 8 1 Ba?ij«-^ 1 cDT 5 y ^ie^ijd^ f? . tfr 
lEiB^ijs-^ 1 cDT 5 y ^ia?ij(c 1 w_hoT 5 y ^ia^ij;*^ 

#;!jd*3 xn/i£.tz. «Jf A ^ iXs *5 J: t//* fc{4Sfj|Bia?iJ 
i<r)T 5 y ^BB?iJ© 1 5 y ^/)sa^*5<t tj! 

Ilf*:«l 91 Ba?iJ«-^lCD9 0~3 5 9#coT5y^ 

[lt*^ 2 0 1 Ba?^iJ#-^ l(D121SS<DLys;S5Gl 

(ff*:S2 1 1 Ba?lJ#-g-104 2 1 ~1 1 3 7#. 4 3 
8~1124#, 799~1137#, 943~106 
8#. *fc(4 9 4 1~1 0 7 5#(DT5 y^@a5!l/5^P>/i 

[if*3^2 2i Ba?'j«-^4©r $ymBa?ij*^e>^i!?. w 
iEia?ij»-^4 ©T 5 y ^sa^ijt- 1 &.±<ot 5 y ^la^ij^^ 

#iD*3 J; tJ5/* fc «Jf A tu. *3 i :t «tilfEBa3?iJ 

##4 5 /mmmo 1 tA±oT $ y mm^^i^xf 

/^fcfi^^^ixfc. ^*3Si 7(c|a«<D^>'Z'?i?«* 

Ift*«2 31 BB?IJ«-^4C09 0-3 5 9#cOT5y^ 

^tpffi«;a5^^$ti-fc, if*:S2 2(c|E«(D^vz^°:^'K 

[tt*:®2 41 Ba?U#-§-4<Dl 2 l#S<OLy st^G 1 
y-eH^$tufc. ff*:«2 2Jc|E«©i5'>'/-«i>«*fctt 

[if*:S2 5l Ba?iJ#-g-4(D9 4 3~1 0 6 8#©r $ 

2 6 1 sa^y*-^ i 5 y ^Ba?ij*>f>''i , w 
mmm^ 1 cdt $ y ^la^ujc 1 kjiott 5 y ^la^u^J 
#;!)P*3 i tJ«/* fc A ^ tv, *3 <t T^/ * i*ttifaBa?u 
## 1 or 5 y ^sajij© 1 k^ukdt 5 y ^;5s«gi*3i:u5 ■ 

[lt^]®2 7l fltI|BiB?lJ#-^l»T5y^Ba?lJ*5. Ba^u 
S-9-1 <0 9 4 1 ~1 0 7 5#*fcl*9 4 3~1 0 6 8# 

y^sa^ijt»fcs, f»*35 2 6 {ciB«<o^ 


3 

#^1 1125'-138 8^<DT ^ ymMm-^h^. 

imy^m 2 9 1 mmmm-B- kot^/ mmuK i 2 

l#COLy s;«)5G 1 y t^ctoTS^^iX/c. gB^U#-^ 1 

fB@B?y##4 COT ^ / mnm\c l g^±<7)T ^ y ^iB^iJ:^^ 
#^4 COT ^ y S^gB^yo 1 W±(OT ^ y 

[lt*Jl3 11 MfBiB^y#-^4(OT^y^i3^iJ;^5^ IB^U 
#-^4 CO 9 4 l--! 0 7 5#^/ct*9 43-'1068# 

[^^313 21 sffisgB?y#-^4coT^y^ia?y^s^ mm 

#^4C0 1 12 5 — 1 3 8 8#cOT^ /^iB?y-e*>^. 

m^m 3 3 1 ffiriEBa?y#^ 4 <ot ^ / mmm>. i 2 

l#(OLy s;$5Gl y (:iJ:oT«#l$tbfc. Ba?iJ#^4 
<06-5 5 3S<OT^ /Mia?y;5i^t>/cC5. W*^3 0(;i 
|B«<7>^ ^-/^iJ^ W^fdt^-^rcop^^o 

ttS R h o ^ K^^fg ^ V ^ ^ ^ «^ 

ti^(0®§#^*:o 

[f»*3s 3 5 1 ia^fj## 1 <DT ^ y mMm:^>h^^ ^ . m 
iEiB?y#^ 1 COT ^ y ^iB^yci 1 »±ot ^ y mMRm> 

1 COT 5 y ^IB^yco 1 i^JicoT ^ y J: t;^ 

[m*«3 6i Ba?y#-^i<oT^ y^ia?y;6^e>^cC>9. ttr 
iBi3?y#^ 1 COT ^ y ^BB^yci 1 k±cot ^ y ^la^^u^^i^ 

1 COT ^ y ^iB?yco 1 w±coT ^ y ^;65S^*5 J; r;? 

[ff*:^3 71 iB?fJ#-^ 1 <0 9 4 3-1 0 6 8#cOT^ 
-^<0-*gpS:^ti'®*^;;)5:>^:^$ix/c. ft*:*3 4-3 6co 
im^m 3 8 1 iB?y#-^ lcO90-359#^fc:fi6- 

[fS*^3 9l g3?»J#-i-4 0T^y^SB?y^^^/cC'9. Sif 

iasB?y#-^ 4 COT ^ y ^iB?y{c 1 &.±<Dr ^ y KiB^ij;^^ 
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s-^4 COT ^ y mmmco 1 i^±<oT ^ y m^^m^^xu^ 

Xi^tl\'^X^^i^rc. m*«3 4(C|B«CO^>'^<:J^«^ 
fct^^cD^^ft^o 
[|f*:S4 0] iB?y#^4coT^y®^iB^y;^-?>/^*9. 13 

iBBB?y#-^4 COT ^ y mmm^ 1 «_hcoT ^ y ^gB^y:^^ 

#^4 COT ^ y ^BB?y<0 1 i^±(OT ^ y 

[ft^^4 1 ] gB?y#-^4c09 4 3-1 0 6 8#C0T5 
y ^gB^y^;^c{:i}S'ttMR h o ^ :/^^^«^^tg^^-f § 
^cO-^§r^tfffl«y55^C^^ttf::. a*«3 4. 3 9*5 
J:t54 OcOV^-fiX/5^— ^{-lE^co^^^^^^K^fcfi^O 

[ff*:S4 2] g3?y#^4C09 0-3 5 9#^fc:(i6- 
m^m4 3] ff^:®l-l 6:j3<tU^3 4-4 2<OV^T 
[ft5ft«4 4] it*:Sl 7-2 5cOV^-f^x;6^-^(-lB« 

<D^>y^^M^tz.n^(Dmmi^^^- K-r^msgB^yo 

[ft*3®4 5] if*«2 6-3 3<OV^•rtt;0^-^^C|Ett 
CD^ W^i:^K^f::(^^coM^^^<^=^- Kr^:SSgB?yc 

[ft*:S4 6l g3^y#-^2cODNAiB^iJ(0-g[5^fct^^ 
^^m-r^^ M^^4 3-4 5cov^-ri^;^>^-^^-fB®co 

±ss@B^yo 

[ff*:S4 7 1 mmmm(o-m^. BB?y#-i'2co2 e s 

30 — 1 0 7 7#. 1 6 — 1 6 5 9#. 1261 — 3411 
2395 — 3411 1312 — 3372 2 
8 2 7 — 3 2 0 4#. 2 8 2 1 — 3 2 2 5#. i^fcl^S 
3 7 3—4 1 6 4#cODNAgB^y-efo5> S*S4 6 tC 
lS«com^iB?«o 

[ff*:S4 81 iB?y#-^5(0DNAiB?y<0— 
^^^-r^^ M*^4 3-4 5COV^-rttd^-^t-IB«cO 

^sgB^yo 

[ff5^]g4 91 :^«B?ycO-Si5;D^ BB?y#-f-5c0 2 6 8 
— 1 0 7 7#. 2 8 2 7 — 3 2 04#. 2 8 2 1 — 3 2 
40 2 :^fct^3 3 7 3 — 4 1 6 4 #cODN ASB^y-Cfo 

m*^4 8(C|H«(OmSgB?yo 
[M^^SS 01 f»^«4 3-4 9cov^-r^^;^^-«^-i^ie 

<o^&SBB?y€r^^-c^ce^. -<^>5^-o 

[if*^5 1 1 m^^4 4^tcn4 5 {C|B«cO:^S@B?y 

5 3 1 5 0-5 2 (OV^-f lx:6>-":®{;ifEtt 

50 co><:^^-{cJ:oT?^«te^^ttfc:. fgafe^Jia (fc^^c 


5 

5) „ 

iti*:^5 4i i^^m. mm. M^^m^. s f gj^jjax 

COSifflflS. V>^<mS^. WM^ffflS^. CHO«BJ5S. Jfe 

<7)-c*>5. if 5 3 (::|Ett«^i*fflJSo 
[lt^^5 5 ] n^ms 3 5 4 fClE^W^g^^Sa 

Bt-rs r t Sr-^tP. If 1 ~ 4 2 ©v^-rn^^-^J-lE 

Sr. ffi14MRh oiJ'^^^-^^Kt. ft*]® 1~2 5<DV^•r 

x^' y-=>^;S(-#ffi^?-\i-. ^LT (2) SISMRh 
o ^5? M t .. ft 1 ~ 2 5 cov ^•ftt*^— 3S(::|Ett 

SD^-rSr tSr-g-tf. eiftSRh o>5':^^-?:i'«i:, 
[ft*:3»5 8] y-=i^:/^/Js^ey- • W:7'y 

•y K • v';^7^AT?fc5, if*^5 6*yh(*5 7(C|E«<0 
y — 

[»*:S59] (1) y--i^j/c05!*^t/i5'fei« 
Sr, ff*5l~l 6*5J;tJ«3 4~4 2®V^-rtb/5^— :^tc 

>'i/?S(-#i5E^-e-. -eb-r (2) Qiixxf 

3 4~4 2®V^•f4^;4i— ]B{c|a®cDi?>-X>>jrifctt-?r 
^^-rsr ir^-^tp, lt*:«l~l 6i3j;Of3 4~4 2(D 

[lf*:S6 0] (1) V~=-l^^(on^i:f£^t^'S. 
y-=L:x^^(;:^?S$-&. ^br (2) 

|51*©@«^^SiJ^-r 5 r t ^-^tf . ft 1 ~ 1 6 WV^ 

y->i >'dr-:>— tf<DfS'l4*fc(±^cDe't4o:n:ilS:|5a*-r5 
i^gOX:? y— 
[S*^6 1] ;:^i5' y-=>-i/^lc#flE^-ti:Sfif#^R 
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'<7'^K, aPKC. b'^-^rLyv, iS'yV. ^^k'i^ 

dr^yv, 7^7?:^, tfy:^^:^, « 

-Ti?f=-=^>'. MAP-4s 5;^v-:/e^^. 

ttSSWS-fflv^Tiaife-rs. ff*:^5 9~6 icov^-fix 

[ff*:S6 3] y-=>-^^*s^Hjia5R*fctt^*ffljja 

M*:S5 9~6 2 CD^^T;f^>i^— «{'IE^®^ 

10 j^y-^^^ffio 

[»*:S64] (1) y— =>^<Dj^*i:J^i:€)!fea 
Sr, tf*:^3 4~4 2(DV^-rivi)^~m\^mm<r)^>^<:^ 

7 r * fcli7 tbfc^ 
mmz^tE^"^. ^bT (2) tfIIE*WJ!S?^<^^ M--^7 

[ft*:® 6 5] ffi;®?^^*fcJ*te^a]$imK«;^^ y- 

20 =^i^:/i£-e*>5> ft*^5 6 — 6 4<DV^■r^^*^— :5(C|e 

[W*«6 6] ¥-?t«5iIzi^WJti«co;^^ y-=.>-^i5fe 
y-=:^:J^j£„ 

~6 4©v^■r^^*^— 3g|cfH«o;^:J' y — 
[!t*« 6 8 ] iE?iJ#-§- 3 {C|S«^tT.S T 5 y ^IBJiJd^ 

30 [if*^6 9] if*:5 6 8 dlE^^tu^-iT-^ Kf;i5?J-r 

[If*:® 7 0] d^y ^H— :h/Vfet#:-t?*>5. if*«6 9 

[»*«7 1] !»*^6 9*fc«7 0(CfB«<Dm#:(-<t 

7 2 ] It*:® 6 9 *fctt 7 0 {;i|S«cDfeT;#:|c <t 
oT^ia^nS. M*:®1 ~1 60V^-ftt*^— W-IEtt 

[»*«7 3] (1) ^mcD*f^t/<eSi^K;^ff*«6 

VX (2) «iai©*f^t'fcSi^Si:ft*:®6 9*;fel*7 

t^mffo {z.^^.t <fei«©«i w 

[it*^ 7 4 ] It*:® 1 ~ 1 6 OV^•r^^*^— :®iC|E«CD 
i5'i'^^:J'«;45Si-^i-S=^m(D«iajife-e*)S. It*«7 3 

[^*:a7 5] W*:®6 9 ifcll 7 0 {c:|2ttcDfeii$:ilr-^ 

[»*« 7 6 ] M*^ 1 ~ 1 6 05V^•r^^*>-^^-iB«© 

50 <?^'/^j?Wd5ia^-r6^a»;gitti^5' h-cfes. ff*« 
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7 5{z.^m^^m^y ho 

m^mi 7] m^mi 7-3 3^0V^■r^^:^^^-:®^c|S« 
(D^>^<^M'^ti\^t commit. fc^V^tiif5^:®4 4^ 

7 8 1 17-33 ^DV^-f ttd— ^(CfEtt 

im^ms 0] if^^l 7-3 3cOV^•ri^^^— :®(-fE« 

im^kms 1 1 ft*«i 7-3 3cov^-f^^;&--:s^-fB« 

fcfi 4 5 {:i|S®<D±SSia^iJ^ fcfiff 5 1 fC|E«0-< 20 

[it*^8 2] m>kmi 7-3 3(DV^i*^^:0^-^(C|B« 
V>-N-:?^K^;^c(:i^(Dfl»#:. fc^V^^ift5^:B4 4^ 

[0 0 0 1 1 

[0 0 0 2] ^M:^m 

^^^F^{;iti. 1^:/^^?/ ^^^t^*^/cCV^^>^»2-3 
ho. Rab. ^<oftfec0 4o£^:7r ^ y ^(-;^J5U-t-6:i 

tf. Ra s ^>'/^•^K(^^©JiS^O^fm^5:)'^t^>^. Rho 

[0 0 0 31 5 t>Rh o:5'>^^'^i?^W{*. GDP/G 
TP^^tg:j3i:t5f^^ttGTPa s eStt^^U. V 
^^:7r^i^V^ (LPA) 43j:l5fe5@(^^K:Sr@^^ 

CD J: 5 >ie^^lS^i^:?^*:^/Hc*fi-§*fflJ3S#*&iS^(cK^^ 

TV^5^ ^:J^TV^^o ^fSttM-rfc^GDP^-a-Rh o 

vy^-^a(-fc^fllSS:;^^#xe>^^5 Smg GD 50 
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S. Db l^Os t<r>X^fJ:GDPyGTT>^^i^l^^< 
^K<om^\^XoX^i^m'Ch^GTP^^Rh 

^th^t^x.hivx\^^ (HS^E^ vol. 12, No. 8, 97-10 
2(1994) . Takai, Y. et al. Trends Biochem. Sci. , 2 
a 227-231 (1995) ) o R h o i/^^^Kl^ft'ffi 

GTP a s e{ci:!9fifttMRh o ^ >^<i^ mtGU P^^ 
^Rh o^>^<:^m\^m^^tl^o ^(^rt^EftGTP a 
s e<Dm^^/Lm't^^>''<i!^S\^GrP a s e S'ffi'ft: 

(GAP) (Lamarche, N. & Hall, A. eta 
l.,TIG. 10, 436-440 (1994) ) ^f¥f^^^rv^^o 

[0 0 0 4] ^m<DRh oA^iy^<:^W(ocmma^c 

ys-A-A-Leu (A(^JigJiS:KT ^ 7 ^) 

CD /V ^ V/pS :^ ^/Wb ^ ^ o cDJiiM J: ^ S 
f^^fggfjf^. R h o ^ V^^^«cD^j9a]^---(D^'^^f£tt 
$iJ^^>^^<^«^cDfflSf^ffl{C^^^-Cfc^^ ^t>{-> ^ 
cD^tgc05g^tct>i£^.^-Cfo5 t%X^i^TV^5 (Imazum 
i, K. et al., 13,646-656 (1995)) o 

[0 0 0 5] RhoA^^^^^^W. R\ioP>^^^^<^ 

RhoC^>^^<^9:. Ra cl^>'^<i^W. Rac 
2^1^^<^W. C d c 4 2>5^>'^<:?^KcDJ: p^^CRh o::7 

%U±<DmU^:^^h^o ::i(ORhoyT^V—(Oi^:y^< 
Vy^y^:^yr'^-:^/i^m: (lpa) ^itmH^ 
CDJ: 5J^t*fflJiSiH-v^-t/Wci;£;^LT. h^-y^yr-f^< 
— (stress fiber) (focal adhesio 

n) coJi^^>S:3l^er•rSiS^:l|a^Lrv^5i:%x.e>tl. 
TV^-5 (A. J. Ridley & A. Hall. Cell, 70, 389-399 
(1992) , A. J. Ridley & A. Hall, EMBO J. , 13, 2600- 
2610 (1994) ) o ^fc. i^>^:7r ^ "Cfc^Rh 
>^<i^W\^^ mS^(OmM^it (H. F. Parterson et a 
1. , J. Cell Biol., Ill, 1001-1007 (1990) ) . ^JiS^K* 
(Morii. N. et al. , J. Biol. Chem. 267, 20921-20926 
(1992) . T. Tominaga et al. ,J.Cell Biol., 120, 15 
29-1537(1993) . Nusrat, A. et al. , Proc, Natl. Aca 
d. Sci. USA, 92, 10629-10633(1995)% Landanna, C. 
et al.. Science 271, 981-983 (1996)*) . mmWW} 
(K. Takaishi et al. , Oncogene, 9, 273-279 (1994)) . 
^^W^^ (cytokinesis ) (K. Kishi et al. , J. Cel 
1 Biol. ,120, 1187-1195(1993) . I. Mabuchi etal. , Zyg 
ote, 1,325-331(1993)) <D X ^ ^^^^'^^(Onm)^.^ t 

{C. Rho^>y<^9n. W-mmUm (K,Hirata et a 
l.,J. Biol. Chem., 267, 8719-8722(1992) , M. Noda et 
al. , FEBSLett., 367, 246-250 (1995) . M. Gong et 
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al. ,Proc. Natl. Acad. Sci. USA, 93, 1340—1345 (199 
6) *) . :7;^;x.:7r^v^/^-f / 3-^■:^— 
if (P I S-^-r—-^) (J. Zhang et al. , J. Biol. C 
hem. , 268, 22251-22254 (1993) ) . :7;t :7 r 
yiXh— /V 5 -=^r't-— If (P I 4, 5 

-ar■:^— if) (L. D. Chong et al. , Cell, 79, 507-513(1 
994)) ^c-f o s<D^m (C. S. Hill et aL,Cell,8 
1,1159-1170(1995) ) cOfflffll^C>bB^-^bTV^^^i;$S^ 

[00 0 6] ^fc. ftifi-et*. T ^ y ^BB^iJSr-asS^ 10 

'^^Z.^thXV^^ (G. C. Prendergast et al. , Oncogene, 1 

0, 2289-2296(1995) . Khosravi-Far. R. . et al. , Mol. Cel 

1. Biol., 15,6443-6453(1995)*. R. Qiu et al. . Proc. N 
atl. Acad. Sci. USA, 92, 11781-11785(1995) \ *5j;t;?Le 
bowitz, P. et al. , Mol. Cell. Biol. , 15, 6613-6622 (1995) 

*) o 20 

[0 0 0 7] Rh ot^^-z^^KfiSffliaitm. mm 

(K. Hirata et al.,J.Biol. Chem. 267, 8719-872 
2 (1992) :^XZJ^ Noda, M. et al. , FEBS Lett., 367, 
246-250(1995)) o t^oT. SttMR h o ^ 

[00 0 8] 5 :^iy>mm V >mt\t.. ^mmium aa 30 

mm, K. E. & Stull, J. T. , Annu. Rev. Pharmacol. Tox 
icol. 25, 593-603 (1985) . Hartshorne, D. J., & Jo 
hnson, D. R. , (1987) in Physiology of the Gastroin 
testinal Tract, (Johnson, L. R. , ed) pp. 423-482, R 
aven Press, New York. :Joi: t/Sellers, J. R. & Adels 
tein, R. S. in The Enzyme (Boyer, P. , and Erevs, E. 
G. , eds) Vol. 18, pp. 381-418, Academic Press, San 
Diego, CA (1987)). ^^ffiMJiatC^SV^T^r M^>^ 

(Huttenlocher, A. et al. , Curr. Opi. Cell Biol. 40 
7, 697-706 (1995)) (^*5V^Tail?fe^^f!l«:mfc-ro ^1 

(Huttenlocher, A. et al. , Curr. Opi. Cell B 
iol- 7, 697-706 (1995)) o 

[0 0 0 91 ^;^W6i«^-^-if(^^;rv^:^S^(^S 
e r - 1 9 bT (primarily) V >mtir^ (Kam 

m, K. E. & Stull, J. T. , Annu. Rev. Pharmacol. Tox 
icol. 25, 593-603 (1985) . Hartshorne, D. J. & Joh 
nson, D- R. , (1987) in Physiology of the Gastroint 
estinal Tract, (Johnson, L. R. , ed) pp. 423-482, R 50 
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aven Press, New York . Sellers, J. R. & Adelstein, 
R. S. in The Enzyme (Boyer, P., and Erevs, E. G. , e 
ds) Vol. 18. pp. 381-418, Academic Press, San Dieg 
o, CA (1987). *5j:mkebe, M. & Hartshorne, D. J. 
J. Biol. Chem. 260, 10027-10031 (1985)) o 

V^'ft:L?fcV> (Tan, J. L. et al. , Annu. Rev. Bioche 
m. 61, 721-759(1992)) « 

[0 0 10] w-nm^. M.mummK<ox.b^j:T:=^:=^:^ 

>(D^:S.^mtmM^t\^. :Lmz.X^ AT ¥T 

—'\ii>^f&mt^tc (Kamm, K. E. & Stull, J. T. , Ann 
u. Rev. Pharmacol. Toxicol. 25, 593-603 (1985) . H 
artshorne. D. J. , & Johnson, D. R. , (1987) in Phys 
iology of the Gastrointestinal Tract, (Johnson, L. 
R. , ed) pp. 423-482, Raven Press, New York. *3j: 
TJ^Sellers, J. R. & Adelstein, R. S. in The Enzyme (B 
oyer, P. , and Erevs, E. G. , eds) Vol. 18, pp. 381-4 
18, Academic Press, San Diego, CA (1987)) . ifeV^T? 
Z.^\Z.XK^W-mm<OW^tmm^^^ (Kamm, K. E. & 
Stull, J- T- , Annu. Rev. Pharmacol. Toxicol. 25, 5 
93-603 (1985) . Hartshorne, D. J. , & Johnson, D. 
R. , (1987) in Physiology of the Gastrointestinal Tr 
act, (Johnson, L. R. , ed) pp. 423-482, Raven Pres 
s. New York. :J3 J:T/Sellers, J. R. & Adelstein, R. 
S. in The Enzyme (Boyer, P. & Erevs, E. G. , eds) Vo 
1- 18, pp. 381-418, Academic Press, San Diego, CA 
(1987) ) o i^>r h>'/V'<^C a'^V-<yW 

O C a '^^g-ffi §rl^fi5 b r V ^ ^ r ^&.^<D ?^ :^ ::^><J^^^ 
^M^tltc (Bradley, A. B. & Morgan, K. G. , J. Phys 
iol. 385, 437-448 (1987) ) o GTPyS (^^0*:$^' 

MiiGTFmum \t,mm^ (;^^>^k) ^vtssonx^ 

y<^mtCa ^^^Stt ^mm-r^ t m& ^ ivtz. (Ki taza 
wa, T. et al. , Proc. Natl. Acad. Sci. U. S. A. 88, 
9307-9310 (1991) . Moreland, S. et al. , Am. J. Ph 
ysioL 263, 540-544 (1992)) o R h o V/^*^KflG 
TP{cJ:oT±t§S$:*x^ ¥ytj^co c a '^m^mz. H^.-T 
^Z^bt^TT^^flt:. (Hirata, K. et al. , J. Biol. Che 
m. 267, 8719-8722 (1992) ) o S3fi. W^^^M^ti 
¥^j|^^Jla^-*5V^T. submaximal^^CC a'^?g^-e. GT 

^$ft. ;^v'>-g®(Z)y >-^>ft:<offiii(iRh 
v^N"^«(Ofi^'t4>fb:J3<tTJ?^;^i/>^^igOJ5fty 

:Lbt^7fi^^tlfc (Noda, M. etal., FEBS Lett. 367, 
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246-250 (1995) ) o h . Rh o^>^<t^W 

[0 0 1 1 1 )ik±.(D^o\^. Rh ot^^V-zN^^Sf^. 

(ommmt. mmmm. ummm. mmw^m. mm(o lo 

:7'c2-7^>r ^^^-t— (PKN) (Watanabe, G. e 
t al. , Science 271, 645-648(1996)*; Amano, M. et 20 
al.. Science 271, 648-650 (1996) *) . a — y 

(Watanabe, G. et al. , Science 271, 645-648 (199 
6)*) . v^hnv (Madaule, P. et al. , FEES Lett. 3 
77, 243-248 (1995)*) . ROKa (Leung, T. et al. , 
J. Biol. Chem. 270, 29051-29054 (1995)*) . p 1 
6 O'^ (Ishizaki, T. , et al. , EMBO J. , 15, 1885- 
1893 (1996) *) . n— ^:^>-(Reid,T.etal., J.Biol.C 
hem., 271, 13556-13560(1996) *) "Cfc^e :li^e>CO^ 

^-r^ ifcfcl.. v-hn Vfcltf^GTP^^Ra c 1 ^ 30 

[0 0 13] ^iv(b><0{H. FKN\^-^tiy'^>^'r—'^ 

^^^-'^m^^Tj^'t (Mukai, H. & Ono, Y. , Bioche 
m. Biopys. Res. Commun. 199, 897-904 (1994) ; Muka 
i, H. et al. , Biochem. Biopys. Res. Commun. 204, 3 
48-356 (1994) ) « — ROKa (Sir» Leung, T. e 
t al. (1995) ) *5j:U?p 16 0^ (Ishizaki, T. , et 
al., EMBO J., 15, 1885-1893 (1996) *) i^^V^^X 40 

Sa?iJ^^i-5 (HLfJlLeung, T. et al(1995) *) o 

[0 0 14] -ir, ±m<Dmim^l^'^<i!^K{^M:^X^ 
:ftifi^ (Saccharomyces cerevisiae) "Cf"i^ f#fLIB 

<ORh o A(C5fa3i-^Rh o 1 ^ly^<^W(Om^i^>'^'^ 

^ntx^x. :7^a^>r if CI (PKci) 

"^^tltc (Nonaka, H. et al. , EMBO J. 14, 5931-5938 
(1995)*) o Ht-:i*<^jfi. (Saccharomyces cere 

visiae) (DRh o 1 p i^ l^^<^M(Om^i^ >'^'<^Kt \. 

T. 1, 3- &~-^/i^:fy>'^^mm7^m:&^thfc (Drgo 50 
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nova, J. etal. , Science 272, 277-279(1996) 

Qadota, H. et al. , Science 272, 279-281(199 
6)*) . 

[0 0 15] r:<ftfi, ^ScORh o 1 p^fi^ 

iltc (Mack, D. et al. , Mol. Cell. Biol. , 16, 4387- 
4395(1996) *s Hirano, H. et al. , Mol. Cell. Bio 
1., 16, 4396-4403 (1996) *) o 
[0 0 16] b;5>^L/^;5»5e>. ^i^MRh o ^ >^<i^ 

[0 0 17] /j:*5. :$:m<Dm^m^m(Dmmtfj:^M^ 

[0 0 18] 

^<^%(D^^m^. SDS-PAGEfCj:^S!)^-T?*^l 
6 4 kDa-efco;rCo -^f^. -<D^>^< 
^9 (Rho^r-^— ^') ^>mi±mRho^:^y^^n<0:^ 

y:i^^^—mm^^^'t^:it^ ryl o^-r—-^^-^^^^ 

^WbfCo 'tt^:t>ib. Rh o^-^— if(:iRh o^^^^/^-^ri^ 

-^-xh^zttmmi^tio i^t^. r 

[0 0 19] J!(-. :^^mmhn. t: hRh o ^^—^ 

-^{z^^ti. ^mmm^^<oh^^'riyhr^y'^-^-Rh 

-J:^^^yB>\Z.X. ^ L PA:^fcif^Rh o ^ V/^:5^Mf-J: 

t^^xt^<. Rh o^^—^Kx-z>xmm\z.mM-^k\^^ 

[0 0 2 0] iPt>. ^^m\^. ffi-te^Rh o^>-^^^K 
>^<^K (WT. TRh o^ar-:^-— ^v^5) <om^^ 
[0 0 2 1] ^fz.. m.^>^-^<^'K<D^^^:^ 
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m^mmt.tcti g ^f^^mmmmm. fstt^R h o ^ > 

^>-^&, ^^:^y<i7K^o:>-^^v--^ — 
— Rh o*-^—- 1f«|fP5>T5 y®?Ba?iJ. 

[0 0 2 21 

mm 

[0 0 2 3] ^fc. rr^y^j t 

(i. ^^cDcJ'V/^iJ^a^S^-r^ 2 0®COa-T5 y^ 

co^/cee>-r. •^;h.?>i^i^i^oa-r ^ y^. m.mc0-. 
^gc^a-T^yg^fdtttcPl^^tb^r tf^/^<. -^ix^ 

W^Oa-T^ y^il£U?tc:i3-. y-. 5-r^y^4B 
ctt;^#^^^coT^y^^-t?feoTt^ J;v\ r(Oj;5^.ei3 

V-T^ygS®fc5V^t*;^/W::^^V;^5^tf <^>tt. *fc^ 

^^or 5 y^i: LTf^. 3, 4 -v^t: Kn;^v':7^^ 

1. 2, 3, 4-7" h^/N>r Kn-Yv^ry y :>--3 
[0 0 2 4] 7^M*ffl»^-:^5v^T ^^^m\z.x^^ 

[0 0 2 5] Ht-^fc. *§^^M«^C*^V^T r:fiSiB?iJj 
t\t. DNAaB?U;^3J;T^RNAia?lJcDV^-ftt^t«*'r 

[0 0 2 6] ;$:M»B»^;::*5V^T. ^^O^S^^^-T^-g- 
s 1 2 1 G 1 yj 12 l#@<OT^ yS?^S-e$>^ 50 
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L y s (K : y t^G 1 y (G : :/y V^-) 

[0 0 2 7] '^>y<^'S. 

^^^^J^e (Rho^-^-- if) iif:L\±^<r>mM^X'h^o ^ 
r-C. Rh Urf^. RhoA^>-^^i^ 

Rh o B>5^^-^<:^^K^ RhoC^^/^^W. ^/cti 
R h o G^l^^<^9,^m\fhiX^. 
[0 0 2 8] ;$:5IPJ(;i:i6V^T. fffitt^R h o ^ 

mx.\^. mmmi. 4. 1 i^/ct^ 
1 3 i:l^^cD^#^;l*5v^T^®^bfc»^^cffi^4MRh o 

[0 0 2 9] ;^ts:|g^eB«^-*5V^-CRh o^^^-^^J^Wf^. R 

h o K t :^^m \z.X^^i^^<^mt (om^t^m 

LTti. 1 4#g<^T5y^>^/^y >t?m^byc:Rh o 

A^^^ (RhoA^-^») i>^mfhn^. 
[0 0 3 0] ;$:^e^^;^*3V^T. rt/n-T^^ >'=^^^iffg 

^jxtf. lliSl^ii2. 5. e-e^^^ct^i 3 ^f^it<^ 

[0 0 3 1 1 *5IM{-<i:-5^>'/'^^K»*. ^ttMRh o 
^>^^i7^t'^^'r^^tKXoX^<0':fn^^>^'r 

v^-^-iffSttj -ty • 

[0 0 3 2] ^mA\^x^^^^^^'^9.(omuvxm^m.'& 

Xh. ^ti.i^^€:ft*t'r^^><OT*fcoTt><tv\ 
S^cORh o^-:^-if05>^»(^. SDS~PAGE(C 
J: 5S!l^-e*^ 1 6 4 k D a T?fc6o 
[0 0 3 3] if.^m\^X^^>'^^i^'R(OMt LTfi. ffi 

^-^iS^^^'t^^'^^^(r>^i^^<^mx'^^x. ^ 

cO:9-^*;^i5SDS-PAGE(Cj;^i|iJ^-C^l 6 4 kD 
a-Cfe^>5^ WN-^H (i^T fi^i/Rh o^"^— ifj irV^ 

{Qoz AM^^m{^x^^i^^<^m(omh\.x\^^ ^ 
rt hRh o=^-^-ifj t\^^^:Lt^^h^) ;05^tfibtt 
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[0 0 3 51 :^^m\^^^^>^<^mt. ^Jx.«. 
[0 0 3 6] ^^^^^'RaymM^h^-^'^A^.. ^MmX- 

fi. (1) v^'^^W^or ^ (N*«) or^y 

^^v^/V;^^^:;?;/^^^^/^^^ p -y h ^V^::/v^/W;^ 
m m\cX.oXmM^Mz.\y<0^ (2) 

(*?yxt^. ^B^r^ K. C 1 - C 6 T/i-=^/i-T ^ K 40 
K) ^?^^b■rV^5t>CD) . (3) ^^'^'^^^ 

«0#T5 y^OfflmoT^ yS:j3J:t5:>t7yw^:^riy/^S 
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^ l^:^^KS:>^n — LTffiV^. TfiflRc^ c D N A ^ 

mh b-CI^. SB3?iJ#-^4cOT^ y^ia?iJ:^^e>?'^5^V/'^ 
^«*5j;t;5^0p^#:;$5^{f e>tb^o ft: ^Rho^-t• 
[0 0 3 81 *^5g(Cj:^>5^ LT(^. H 
(c. iE^iJ##lcoT^y^SB^U;d^^^.e^?s SfllEia^US-^ 
1 COT ^ y ^ia?ij{c 1 g^_b<DT ^ y ^gB?iJ;Si5#*P*5 J: 
/^fctlJfA^ti.. *5j;t;?/^;^c(tttflSSB?y#-^lcor 
5. ./WWM(J^ 1 l?i-bOT5 y®^;$5a^:ji5J;r;^/*:rc(^^ 
V^<^«-efcoT. «tt^R h o W 

<D;!)S^ff t>;a^o 't^i:t>^. r :l^CV^ 5#^JP(additio 
n). }f A (insertion) . S^(substitution) . :JoJ:I^:^ 

(deletion) ^ fi. "mm^ \<DT% jmmu^hfi:^ 

7"-r V^-^— ^f^£tt^ii^^^5=^ev^ (not damage) <t 5 ^cC 

[0 0 3 91 5/£j)^^co|?Jt^. sa^iJU^i 

(OT^J mumt^h 9 0 3 5 9 m(OT ^ y ^gE^iJ 
x^y^^l^^-r—'^^m) 9 4 3 — 1 0 6 SScor ^ y 

ft.\X^(0-^<DiK^Xh^o McWmZ-^-t^ 1-8 9#. 

3 6 0 — 9 4 2#. :j3j;ZJ^/;ifc(il 0 6 9— 1 3 8 8 

[0 0 4 01 if^^mmmm^^^\i. mmm^ i 9 

0-3 5 9SOT^ y^BBJU {':fx2y^4:ye^'r—'^m 
m ^943 — 1068 #cOT ^ / g^iB^U (R h o ^ >- 

^^^»^^^«) i^^Wi-6^>->^^^«;5»sJl#^$n^o 
[0 0 4 11 ;$:5&M{cJ:^t^>'^^:^^«(0«?iJ^ LTfi. M 

gBM#-^4<oT5 y®^ia?u?;>^e>^^*9. sfjisgB^os^ 

4 COT ^ y ^iB^fjtc 1 w_bcoT ^ /mM'9u^■^1}m^xy^ 

cO;^)5^tf ^^^^o rr^cv^5#Jp. }fA. S^. *5J:U5 

fj:iK^<Dm\^. sa?ij#-^ 4 <oT ^ y mm^u^ ^90 — 3 

5 9ii:cDT^y^Baa?ij (it^h't^^t ^^^) ^9 

4 3-1 0 6 8#<:0T^ yg!BB?U (Rh o^>y<i^M^ 

Mci^ma^. l-89#. 3 6 0-94 2#. ^XX^X 
^fcf* 1 0 6 9 — 1 3 8 8#(OT^ y^Sa?lJfe6V^f^r 
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m) 9 4 3-1 0 6 8#(OT^ y^ia^ij (Rho^> 

s.$^^^t^o"cfc^ (mMm3(D (4) mm) o m(cr 
3 CO (4) ^xx^mmmi omm) o 

i:f?ffi^tl6r.t^v^v^. mx.\^. mmm3<D (4) t 

[0 0 4 4r*5l?^(ci;tt«. ffi'ttSRh o^V>/^^« 
^m<Dmh\^X\t^ iB?fJ##lcOT^ y^IB^iJd^e>/ce 

WMm^-^- KOT^j mm^co i ^±(r>T ^ / k^^s^ 

^Xxy^/iitz.\%^^^fhfz^ly^<^mx^^X. ffittS 
Rh o>^^^^^^:^^®^'B^tg^^^b. ;i^o:/n2-x-r >'=^-^- 

-3 5 9#OT^ ymSB?iJ (>^n7^>r ^^^-^^ 
s 1 2 1 G 1 y-eS>5o 

[0 0 4 61 ^fc. ia?ij#-^i(OT^y®?g3?y mb. 
[0 0 4 7] 5^ce^5fe<o^J(^. iB?«#-§- 1 cor ^ 

y ®^Ba?U:0^'b 943 — 1068 #(Z>r ^ J WMm (R h 

^^fc(i^<^-^(0^^-efc6o 1-8 9 

#cOT^ y^gB?iJ*3J:U?^(Oa55>ia?iJ. 3 6 0-9 4 2 

^(DT ^ jmmm^xvi^'t<DU^mm. ^m^i i o 6 9 
-13 8 B^<oT ^ ymum^xn^cDU^mnx^ 
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[0 0 4 8) ^mM(om(omz.xfh\^. gB?ijs-^io4 

21 — 1137 438 — 1124 799 — 11 

3 7#. 94 3 — 1 0 6 8#. 9 4 1 - 1 0 7 5 

[0 0 4 9] tiIIE>5'>'/^i^«co^?!It LTfl. ^fc. IB^H 

10 m-^AcoT^/mMMt^hf^^. tfrssia?(i#-^4(or 5 
y mmm\^ i i^_bcor ^ / mmm-^M^xn/^ fcft 

}fA$;ru. *5J:i;?/^fc(itfflSiB?iJ#-^4(OT^ y^MB 
?iJco 1 g^±coT ^ y J:t^/^:^c(i^^^tufc 

<t U^^^ ^ 1^. ifl?ij#-^ 4 COT ^ y ^iB^fJ^^ 
^•^^9co?sttMR h o ^ W^-^fg^ii^cCt^-r. 
o:yn7^^>^^r-^— ^^tt^rta^cC^ J: 5=fet>co^^v^5c 
20 [ 0 0 5 0 ] ::co J: 5 Jfe^^cO>^Jflv gB^lJ#-^4 cO 9 0 
-3 5 9#cOT^ y^ia^lj (:7^n^>r V:^r^-ifM«) 
>^^-:h-ifS't4^^'r^-^(0-gB>£r^tp 

s 1 2 1 G 1 y T*fc^o 

[0 0 5 1] ^fc. 1B^IJ#-^4C0T^ y^gB^iJ (mb. 

^fStt^Rho^^^^^^^^S^'g'tg^^b. ;6^0y^n^^ 

±fS#*P. fflA. B«li5<tt^/^fct^^^{ciPx. 
30 T. ^CO>?^>^-^:^K<ORh o^:/^'<:^K^^tg^tS/c(:t5 

^^v^J: 5^cC#SP. ^A. W^^XX^/~^f^\i^iK^^'m\^ 
TV^Tt>i:v^ :i<oJ: 5^<e^^<o>B«Jf:i. gB?U#-^4coT 
^ y ^SB^iJ;^»^e> 943-1068 #coT ^ y ^iB^U (R 

h o ^ i^^^^m^^^m) mmm 1 1 #fi?.) ^m^ti 
w$.i^ti\t,^<D-u<ox^xh^. M.^mz.\t. 1-8 

9#cOT5y^gB?U*3j;t^^cOgI5:$>gB?iJ^ 3 6 0-9 4 
2#(OT ^ y ^gB^fJ*5 JzU^^cOgp^^gB^fJ. ilfet;^fc 10 6 
9-1 3 8 8#cOT^ y^gB^iJ:fcJ:U^'^coa55>ga^iJ-r*fc 

40 [0 0 5 2] *^McoSUcO®{Cj;tt«. gB^U#-^4(D9 

4 3-1 0 6 8#^:rct^9 4 1-1 0 7 5# (ga?lj#-^ 

1C09 4 1-1 0 7 5#cor^y^ga?y(c^iS) cor^ 
ti.6o ::tt'bcOd5^ v/^i^Kt*. ffi-ttMRh 0^5^ 

[0 0 5 3) fStt^Rh o^^^^-^^S^-a^fg^^b. 
o:7^ax^>'^■:^-i^Stt^^b;^c^v^^://^•^H^fc^i 
^co^^^*:fi. ^/c. SttMRh o>5?>'^<^St:iJ:^R 
50 ho (O^-t--- tfe'l4cofg'l4>fl::$rPlS-t-^o ^Jx. 
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i^CO—m-r^h^Mm^-^ KD941 — 107 5#(^T ^ 

[0 0 5 4] 7|s:^9g£Dj5iJ(Dpi(c J:ti.(f. ia?ij#-^ 1 
4 COT ^ y ®!iB?iJ;6^e>/j: *9 . MIBiSa^OS-^ 1 ^fcti 4 

4 ^ / mMm<D 1 i^±<or ^ y m-^m^^xxf/'^ 

xl^<r>mm^Vf (i-ZcCtsib. Y^'r>Y^:^T^':f (domi 

nant negative ) Rh o =3^-^— if ) 
[0 0 5 5] fgttSRh o^V^^^R^^fg^Wb. 

^jiai^fCf^^E6t){c:#:fci-5Rh o^^-^- 
iftc^b-Cffi^&tJf^ffiit (dominate) . ^(D^mf)^^^ 
tt&tl (negative) T^fc^o ^^oT. ^ttMRho^>'/^ 

[0 0 5 6] K^"^:/ h-^;^/7"^:/Rh o^-^-- ^^(OM 
^cC^^llti. iE?U#-^l *fcf:i4 09 4 l--! 0 7 

fct^943'-i068 #(OT 5 y ^la^fj. sa^y#-^ i * 

fct^4<Dl 1 2 5 — 1 3 8 8#cOT^ y^ga^y. ^fcti 
1 2 l#(OLy s;5i>G 1 u J; oTS^^^^fc@a^lJ#-^ 

i^:^c(^4(0 6'-'5 5 3#or ^ y^ga^ij;«»^^>^^^>5?^^ 

[0 0 5 7] m^mRh. o ^ l^^<^ ni^XXJ^/^tL\^ 

yi(iSit5t^<ofi^. ««^)^s<o^«. M^^m^mmt 

[0 0 5 8] K^-:^^-^^;^/7"^:/Rho^■^— 

ffi-r ^Stt^R h o ^^z^:^^®-^R h o ^-r—^comm 
SrSa^t-^o HJS^Jl 5-1 SJc^bfc^d. 

Y^-ri^ h^;(/7^^:/Rh o ^^r-^— ^O— >B?llT?fc5Sa?U 
S-^109 4 1 — 1 0 7 5#(OT^ y ^ga^iJ^Sr^tpGS 

Ta^>5^v/^:^^a (Rho^-^-- ^ (RB) ) . ga?y# 
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-§■101125 — 1388 #(DT ^ y ^ga^U^^tfG S 
i:m^^l^^<^n (Rho=^■:^— If (PH) ) . ^fcfi 
g^L y s 1 2 1 G 1 y ^^-T^ga^yS"^ 1 O 6 — 5 5 
3#cOT5 y^ga^y^^tfGSTSS^^ (Rh 
o=3r-:^— if (CAT-KD) ) &Sw i s s 3 T 3^Jia 
p^{;i-^>f i^^n-r >'v>zii^v'3 Swi s s 

mmm^:^m^^ivtco sw i s s 3x3^^16(0;^ 
:7 r ^<-m^^xxfy :t—:^/i^mmj^)^(Dm^Mn. 

10 ffittSR h o ^ >'z^^«co{-^|g6^?:e^^^6^/^atg<^I> 
^o-Cfc-S (HJS^^Jl 5*5J;U!1 6. Ridley, A. & Hal 
1, A., Cell 70, 389-399 (1992) ^XXJ^ Ridley, A. & 
Hall, A., EMBO J. , 13, 2600-2610 (1994)) o ^(O 
ct5(-. K^-^v h^;^-7^^:/Rh o=^-^-iff:i. ^tt 

^^i- 6 ?§i4M R h o ^ P W^Of^ffl . ^- Stt^ 
Rh o:^'::/z^^K(;iJ:'5rtftttRh o ^r-^-if cojStt'fb 

20 [0 0 5 91 *:^PJt-<i:ntf> ^ti. yuy^^^^^T— 
if ;6^o??ltt^R h o ^ V^^:?^ «>g^tg^^ 

[0 0 6 0] v/^:^^K<ow^ bTfi. ia?y#^i 
(or ^ y B^ga^y:^^ f>^^ »9 . ttrssga^y#^ i cor ^ y ^la 
?y{;i 1 s>j.±.(r>T ^ y ^@aM;05#^jp*5<t t5/-^/ct^ffl 
tu. *5j:t;^/^fct^taiBsa?ys-^ i <dt ^ j'm^m\(o i 

30 r^'K-efooT. z/n-T^^^^^-^-ifStt^^^b. ;6^ofS 

^ ^ ga^y#-^ 1 <oT ^ y ^ga^y^^ hf^^^i^^<^%. 

(O-Txi >^^-^-if fS'l4Srti/^:t:3-r. ;6^oSttMR h 

[0061] w(oi:5 t^{K^<r>m\x. ia^y#-^ i co 9 4 

3 — 1 0 6 8#cOT^ y^ga^y^fctlS'ltMRh 

40 [ 0 0 6 2 ] gB?u#^ 1 cor ^ y g^ga^y (mb. 

#*P. JfA. S^. :j3j:rJ?/:^/c:Jl^^^^-r^) ^>?> 
^cf'5:/c'7^^>'=^-^-if?£'t4^^b. ;5»^oStt^Rho 

:b;feV^J: 5/^#An. ^A. 

^bTVNTt>J:V\ rcOJ: ^^cf^^^O^Jft. ga?yS-^l 

c7>T^ymgE?u^^t>9 0-3 5 9#<oT^y^ga?y (:y 

nv^xT >'^-^-if^^) ^^V^fc^^^;rcl^^cD— gpco 
50 X^t'^m-fh^^^ ^W'^XZ.n.. l-89#(OT5y^ 
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mm:isxxj^^(DU^mm. ts^mc 3 e o - 1 3 s 8m<o 

x\^. mm^-^ 1 CO 6 5 5 3#coT ^ / imm^^-r 
^^>^<:^m^h^ mmm?^ *5j:o5i 2-1 7) „ 

[0 0 6 4] tHm^>^<^m<Dmt\^x\^. -^ti. nm 

[0 0 6 5J r.cOJ: ia?y#-t4(0 9 4 

3-1 0 6 8#OT^ y^IB^iJ^/cfiffittMRh o ^ V 

-60 ^fc. ia?iJS^4coT^y^g3?iJ (fib. #;()D. If 

<0 ^ ^ < ^ a (O :r a >r =^ if 14 ^ /cC ;^ct V ^ i: 

[0 0 6 6] ^<DXot^X^<Dm\^. i3^iJ#-^4£^T^ 
y^SB^iJ:^^e>9 0-^3 5 9#cDT^ y^SB^iJ 

m^fhiv^o M^i^mat.. 1-8 9«or^ y^SB?ij*5 

XX^^(D^^Md.m. il^t/(C3 6 0 — 1 3 8 8#cOT^ y 

[0 0 6 7] ^^P^coSUcOSt-cictuJi. ia?iJ#^4co9 
0 — 3 5 9#cOT^ /^iB^iJ^fcfie — 5 5 3# (BB^U 

#-^io6-5 5 3#coT^ y^ga?ij{;i*fiS) 

[0 0 6 8] ^^m(Dh^—^mKxti\t. iB?ijs-^i 
r//^/cfl^fA$;n.. ^xuy^fcnttimmm-^it. 
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> hT^y^^ (dominant active ) R h o 
[0 0 6 91 

^^^oStSMRh o:^' w^^«M'^tg^^b7iv^^^- 
(C, *fflJ9arttCrtffi6<J(C#:fiE-t-^Rh o=3r^— ^^(C^fbr 
(dominate) . ^(D^mii^T ^ T ^ -fX^ 

^R h o ^ ^^^rJ^a^-g^ffiS:* b?^^V^>5^ ^^^^ K^fct^ 
[0 0 7 01 Y^^>Vr^'r^'^'RYyo^^—^\t. 

^TT^-To mx.\^. mmmi . 1 3 4BJ:r;Ji 4tc|B«b:fe 
20 K^-^:/hr:^^^;7'Rh o^-;^— ^^co->0^!|-C 

fc6iB^fJS#l O6 — 5 5 3#OT^ y^IB^iJ^^t^G 
STm-^^>^<^K^m'^^^^t\^X^X^ tSttMRh 

^//^^a^^;[iT-CO^^R h o ^-r—^ (^SttSR h 

^^>^<^W) <D^'r—^mm^)^-<xM.tAz.^<^ m 

ttMR h o ^ V^^^«#^ETT*0)fiWR h o ^'r—^(D 
30 ^^-^-ifS'ttJ:*? ^>5SV^ (^5g^!l7. 13*3<J:I51 
4) o 

[0 0 7 11 ^fc. K^-^:^hT^7^^:/Rh o^r-^— 
2(C|5ttb^c<fc iB?lJ#-^l O6 — 5 5 3#(OT^ 

^i^c. j^ife^Jl 5-1 8{c|Bttb:rcJ: 5{c. mm 
40 -^lC06-55 3#cor ^ y^lB^^iJ^^tpGST^-^^ 

6w^{;ii;>9. ^#«^*fflJ!&{c:Jo{t6;^ h V';:^:7r-r-^^- 
:^r-^— ^f^. ett^Rh o:^>/^^K;65^^Sb/£< 
^ttit:^tt/cit^^(Cfo5 («I^W(C(constitutively)^ 
50 ^4>^k^^^Tv^-5) ;5>^f>-efc^o 
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[0 0 7 2] £Jl_h(Dj;5t-. K^■:^>^ bT^T^-r :/Rh 

10 0 7 3] :^^m{^X^^>y<^M\t^. m^mRho 

{C^^^^;bo•rv^5 (filSTakai, Y. , et al. . G.C.Pren 
dcrgast. et al. ^ Khosravi-Par, R. , et al ^ R. Qiu e 
t al- > Lebowitz^ P., et al. , ^3 J:T/Yoshioka, K. et 

ai. ) o mox. :$immcx^^>'^<^M\^. mm<r>m 
[0 0 7 4] i^tL^ Rh v^^^wf^. ^mmum^ 

m^'t^:it^^^h^X\^h mm.. Hirata et al. 
^X.XJ^ M. Noda et al. ) o S^oX. i$i^m\^X^^>' 

ftifiLHffi. M.'^mm {^L-M.'^mm^xxfm^ 

"bo 

[0 0 7 5] mmm 

ga?ij#-^ 2 CD D N A la^ijo-gp^ \t.^u ^m-t ^h<o 

[0 0 7 6] ia?^iJ#-^2 cDDNASa^iJI^. mJlEcO J; 5 

v^Fa * * CO c D N A ^ >f :/ ^ y — :6 ^ b # e> fc t) CO -e 

fo^o rcODNAia^lJtl. i^VRh 0=^-^—- ^<7>;^— 

:7U— J^ti l — 3#<OATG;e>^^>*&^«9. 4 165'-4 
1 6 7#cOTAA-e^T-r5o 

[0 0 7 7] Sa?U#-^5CODNAiB?fJ(^, t hf^^jfcco 

c dnat^::/^ y-^^e>#e>n/ct>co-c*>5o ^<od 

NAiB?iJ(±. b hRh 0=^-^—^(0;^— :7'>'y—y^^ >- 

'-'3#<OATG;i^t>*fe^«9. 4 1 6 5'-'4 1 6 7#(OT 
AA-t?«i^T-r^o 

[0 0 7 8] *5IM{cj:^>5^>'>'^:^^K(or ^ y^BB^U;6s 

•9. iB?y#^l^fcti:4(C|2«$n^T^y^gB?iJSr^ 
-K-r^S^coffiSSB^iJ^^^li^^-r^r ^;?)5-egr^o «£o 
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1^. SB?U#^2 ^;^cl:i 5 {cIS^cdDN AlB^iJcO-^^/ei 
(i^SCtciDx.. [^1-cOT^ yg^^Srri- K-r^DNABB^U 
■CfooTa&S^#.(-fc^=^ KV^DNABB^iJ^ LT^i" 
5B3?U^t»iE»'r^t>co^ H(-m^>{c:*fj£-r^R 
NAgB^lJt>-&^tl^o 

[0 0 7 9] ^^m^^x^mmmmt. 5^^**co^>(o 
10 DNA^-r y-;i^e>ste^x^co:9^^"t?«ffl$nT 

v^5^^fe. ^?yx.«g|5:5>T^y^B3?iJcoffl^^»t;ibT^^ 
^bfciS^;feDNA:/c3-y>^^V^r><.:;^ y— 

[0 0 8 0] ffiSia^'J:65^^**<ot)CO"efc^^^. ^ 
oxhxw 

[0 0 8 1 ] *5&Kt-J:^^>'^^^K«r='- K-r^:^S 
®B^iJ<0^?!lfl. BB^iJS-^ 2 CO 1 — 4 1 6 7ScODNAiBM 
{:^—':f>V-'T^^yu—M^n^) . Ba^iJ#-g- 2 co 

1261-'3411#. 2395 — 3411 282 

1 — 3 2 2 5#t)b< (*2 8 2 7 — 3 2 0 4#cODNA 
BB?U (Stt^Rho^>^/'^^K^^:®{;ita^) . 13 

1 2 — 3 3 7 2#CODNABa?(J ( =i K - /l^*^ 
\Z.i^m . 2 6 8-1 0 7 7#t» L< til 6 — 1 6 5 9 

30 #cDDNAga?ij {^-r—^mmmm^n^) .3373 
-4 1 6 4#coDNAia?y {Rumm^^^) . Ba?y# 

^5C02 3 9 5 — 3 4 1 1#. 2 8 2 1 — 3 2 2 5#*) 
b< (i2 8 2 7 — 3 2 0 4#(ODNABa?y (SttMR h 
o:^ W^^S^^^tCffl^) , 2 6 8-1 0 7 7#cO 
DNABB^y (^-^-ifffi^tctg^) . 3373-416 
4#(ODNAiB?y (PH^^gtClaS) -Cfc^o 
[0 0 8 2] ^ ^ J: U^^Wgjfe ^ tvfc^^^Jia 
i^mm\^^i^\t. SiflEo:$:^M(cJ:6^SBfl?yS:. -<:?^ 
^-;^»5a^*fflj3Sf^-C«^«rtg/ceH^S|-C. ;^>-o^cO:^SBa 

-\z.x^xmmmi:^f\^tim^mmm^^i:h^. ^<d 

5o Si-a-^^^^^W^^^^^ brti. MBP (-^/Ph- 

V.'^:?^^) . GST (^/^:^^^;^^VS 
:7;n^— . HA {^-^^/V^^-l^) . :^^yt>^^v? 
V. myc. F a s^^fflV^fct>cO;^)5^(f e>tt^o 
[0 0 8 3] -<^:^-i: LTfi. -^^y:^^ Y-<^^ — 

50 (^jxf^. i^.i^^jis. mn. m.^mmmmmmmx(o^ 
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[0 0 8 4] ^—\^. rtt^HSCia 

[0 0 8 6] ^fc. ^^^JiS^LTti. ^Jx.«. ;^J^ 
®. M;m*fflJ!S. Sb^^^JiS (^J;tf^. COS^fflia. 

mm^mm.. cHoaajis. jfiL*^^^j§s. mm 

SUcDfil^(c J: J: 6 ^ ^ 

[0 0 8 7] i^mM^t^h^^um.tmx.^^i^i^m^^^^ 
mmmmmm) x*$>^t^n^ ^ 

[0 0 8 8] :^mm^X^i^>^<^m (ffittM 

^^^mmu . 't<D^^tvxi^itmRho^>^<^ 

f&jScD*ifrlftj (1 9 9 4^) ^ Z.ti^-Xt 
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[0 0 8 9] .^j^XEgSMfiK^ 

■^^h;^^:^v^^:7^Rh o^>-if(i. ffi-ttMRho 

[0 0 90] ffi-tt^R h o ^ lia<^?^J5£43 

tCfi. ilV^/^;&S^>^>®5®?^^ffitt;^|5Btti-^^ (Perona, 
R. et al. , Oncogene 8, 1285-1292 (1992) ) o 

10 ^>^<i!:^K^^. ]^:t>'=^^j—i^t\^xmmrh^t 

;52^aibi^TV^^e R h o w^^K^S'te-fk-T^GD P 
/GTP52#^^ V^^^W(-f^. Dbl. Vav. Os 
t. L b c^;^»5*q^^^TV^^ (Collard, J., Int. J. On 
coL, 8, 131-138 (1996)*) o :iiv^<Oi^ ^^^<:^ Sl-^ 
•t^X. ^tlib><DNmm'^^^^'t^t. NIH3T3b 
y>:;^yzi~?i—>B > • T y±4 Kis\,^xmm^^i^ 
m^Tjk-f- (Ron, D. etal., EMBO J. , 7, 2465-2473 (1 
988), Eva, A. et al. , Nature 316, 273-275 (1985), 
Katzav, S. et al. , EMBO J. , 8, 2283-2290 (1989), H 
20 orii, Y. et al. , EMBO J. , 4776-4786 (1994), Tokso 
z, D. et al.. Oncogene 9, 621-628 (1994) ) o t^o 

^-^iv^— ^m^-efc^SttSR a s ^>'^<^W<OTm\Z. 
Rho v'^/•:^/v>e3i»S&:^5temb. ffitt^R a s^l^^^ 

^ >y<i^W^lft't^ r t ^^rnhMZ^fji^tc (Prendergas 
t, G. et al., Oncogene 10, 2289-2296 (1995), Khosr 
30 avi-Far, R. et al. , Mol. Cell. Biol. , 15, 6443-645 
3 (1995), Qiu,R. et al. , 92, 11781-11785 (199 

5)) o f^i±mRho^>^<^m^xox. mm. 

mM:^^iS:m^iv^:it^^t>^^^X\^^^ (Yamamoto, M. e 
t al. , Oncogene 10, 1935-1945 (1993), Olson, M. et 
al. , Science 269, 1270-1272 (1995) ) o iUJiJ:'?. 

[0 0 9 1] mmmm^:^^r)xti:<. mi^mRho^> 

40 y rSrSSxT^p-r^o Imamura, F. etal., 

Biophys. Biochem. Res. Commun. , 193, 497-503 (199 

jcigv^te^tg^^-rM*^*fflia (MMi^ffijiS) ^mm^ 

nx(D^smmcomm^x<m\^x\^^^o MMKommm 
mn. JfILfS#^Tfc^v^^lLPA#:fiET"c*b</L;3l-r 

-5o :iCOjfiLffi^LPACO/L5fif^ffl(^. Rho^^^^-^^W 
50 :itf}^h. fg+tMRh o^>-^^^«^^LTV^6r 


(15) 
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•f-^ri: ( Yoshioka, K. et al. , FEES Lett. , 372, 25 
-28 (1995) ) {z.X^mt^^hivtCo 

[0 0 9 21 :^^m^m^. ^lE■r^*^fe^J{;l*3v^T. 
\^^^<Dnmm mr mmm^mmmm} ^v^5) t 

[0 0 9 3] rr-C. ffi^?^^:l3j:Uf^^i bT(:i. R 20 
(^^i|^[i. Ras. Rac. Cdc42. Ral^) 
GTP^m^lyy^^K (mx.\^. Db 1 . O s t^) 

m^-r^mm<DjB^. v y:7:t:^:7r^i^>mi (lp 

m^>^<^M (my c. p5 3^) ~^fcnm^ hM 

[0 0 9 4] ^tc. ^^mmh\±. ^^mmK^^-r^^ 30 

-o-efc§^;^i/>'^^^i^>^^:=^?/ b (Y. h. Chen, et 
al.. FEBS Lett., 356, 51-55 (1994) ) Rho^ 

(3) . mmms^x'tjmmme) . ^^t^^^mmy^t 
t (Mmms^xxf%mm^) . RYio^-r-^^^^m 

[0 0 9 5] Rh o^^r-^— if:65G 

T p^g^R h o ^ >^^^nm^mtm^'Q^m^:^^^> 
mit-r^:it mmm?) . Rho^'r—^Kx^^:t 
ctt) y ^^^ib^Fix-ss e r - 1 9-c*>6r ^ (mmm 
;e-v'>'6igcoMg ATPT-iffstt^^ii^jp-r^^t m 50 
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immmi 2) sr^wbfco 

[0 0 9 6] t^oT. £JiTcoiif^(^jfei*:^H^t>tt-et^ 

(2) JilBRh 0=^-^— ^(cJ:oT^;^v^>-Si^:7;^^ 

(3) ±uv:ymt{cx\). ^:t^^>mmyity^'7T^ 

(4) WiV ^^mi\:.i>mU^fht:.'^^. 

(5) ^3t. (1) coRh o^-^—' ^^{;iJ:or ^;^v-:/ 

(6) (4) 43J:D? (5) ^:ti^lytT^^ 

> t (Dm.^f>mm ^^^hth {z-mM-^trnm ^ tb^o 

f^. ±ia^y^/v^EI2 2(;i^b;^Co 
[0 0 9 7] rcD<t K^-^>' h^:</^>r:7'Rh o 

[0 0 9 8] *5l?g(cj:5 Y ^-Tl^ V^^i^'r ^ y'Rh. o 

m-r^o ^Jx.(i. mmmi 5:^xx^i et^^bfci^tc. 

#-^l<0 9 4 1-1 0 7 5#CDT^ /^Sa?lJ^-^t?GS 
Tffi^^>'/^:^'W^S w i s s 3T3MJiSp^{C'^-r^n 
^ >v^^i^->3 Vbi^cJ^-^t:^. S w i s s 3 T 3*fflJia(^ 

^;Ospj.S$ttfCo ^l/;^:7r>r^<-?^^^5J:U^:7;r- 
;^/^^«?^^^op^^^. m^mRho^i^^<t^K(oi^^ 

m^^^m^ff0^j:mm(DX>t-:>X^^ (Rldley, A. & Hal 
1, A., Cell 70, 389-399 (1992) :^XXf Ridley, A. 
& Hall, A., EMBO J., 13, 2600-2610 (1994) :Jo J; U^H 

{z.xox. mmm^p^^m^^&ir^^itmRh o^:^ 
^<^n(oi^m^fmir^ r t f>>x^ 

[0 0 9 9] S14MRh o^^-^^^Wcj:!?. ^^Jiag^S 
ti.X\^^ m:^\^. Jk/hm(r>mM (Morii, N. et al. , 
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J. Biol. Chem., 29, 20921-20926 (1992)) *3J:t5&jfiL 
^ (y V^^JS) (Om^ (Tominaga, T. et al. , J. Cell 
Biol., 120, 1529-1537 (1993) *5 i; I^Laudanna, C. et 
al. , Science 271, 981-983 (1996)*) i^^m^fhtb 

fffJiMorii, N. et al. (1992) ba^tf 
V-^phorbol myri state acetate (PMA) dJzoT^ 
m^iv^ g p I I b - I I I a«^ft:fe#6^?ijfiL/h«« 

mmt^^) {cX^mm^thtCo -^tc lominaga, T, e 
t al. (1993)(;iJ:;n.tf. PMA-^mm^iv^ V i^^<Mm 

mmmijim (lfa-d ^^ffotj:v >^<^(DmMh. 
csmi^^mmi^x^mm^ritco samaudan 

na, C. et al. (1996) . :7;^7^^ /U-^^^ K 

(formyl peptide; fMLP) . >r>^ — n^:^rV8 (I L 

8) h^v^^PMA\z.x^mM^rit:LV :^^<^^m^^ 

<Dm^&^ t . C 3 ]®#^^^(r X V PIS $ HfCc ^ U 

I b - 1 I I a^^f*:. y :/^^3^COLFA- l^a 4 ^ 
tt^ (Hynes, R. et al. , Cell 69, 11-25 (1992) ) o 

^'RKX.^T^'^^^t ^:t-^XDm.^ (contractility 

{CiE-MXh^:^ t^^Tjk^thfc (Chrzanowska, M. & Burr 
idge, K. , J. Cell Biol. , 133, 1403-1415 (199 

6)*) o mm<oxoK. i^i^mRh o^:y^<^m^4> 

(adhesion plaque ) \^mtEV. mmm^m^\^ 
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(1) mmtm^^mWi (Mx«. v^^^fi^. y^;\- 

(3) fSttMRh o^i/^-<^K(Cj:*9. Rho=ar'^-if 

10 #i-^o 

(5) ^y ^^^t;^;^i/vtcj:i9. ^;rv^v<i:T^^:/ 

(6) ^coMm. ^i^'r^'^^XD^'r^^^'^-tmm 

[0 10 2] ttrlE:l3J;U^^IB-r6IIJE«?'!) 

(Cjiotr. Rh o^^r-^— if^0^^tt$>5V^^if£^4MRh o 
^ V^^;^^ «(c J; ^ R h o ^-^-if (Dffi'lt^t:;^S|Jt^^ tb5 

(Ty ^-/^-^^siiufBy v^^"^) coffin -a 

Wi-^-^. (ISttMffiy '^'^^^S LE 

[0 10 3] ^^m\^^^nun^^xffhmm^. ^^y^ 

[0 10 4] ^^m\^^^nmm^^xj^^mm\^. ^ 
fc. sp^^ct^^sps^ m^\t. m^. .st 

J^®PS^-r^:i t;is-c#. mMhl.xmni^fc\^W^ 

40 ife)(c>Kfli^n'So 

[0 10 5] ts^un^^m^m.m^. mx.\^'t(Dmmz. 
^scr. ^?fij. mm. wm. %n. 

^j. mmitm. icmmit^^^my^^xnm^^^m^'r 
50 ^^tt^x^^o ^mnm^mm'&(o±Mw^'hm\t\.x 
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y 3ig=-^>j/y =j— /K ixP5'7'. y-fe-yv, ^v-^V 

31^/— /K 7"afW>':?'y =— ^'rcv^, m 

[0 10 61 mM'^\z.i^n^^^mo:)^>^<^m<o^^ 
m\t^<DMm^f^-\:^x^f£^ifi^ w^^^^^mo. lo 
1 5 0 L < 1 2 0 

a^fifeAl BStJi^O. l~^5 0 0m 
»*b<«»tj0. 5~JiS^5 Omgefit-t-^<^*i<t 
< . r 10 1 !H!^.fc»*^!H]{c5)-«triS-¥i"'S :i > 

[0 1 0 7] K^-^^h4^;</7^'f 7'R 

[0 10 81 \t^-ri^V^^T^-fRh.o^-r'-'^%:=^ 

[0 10 91 y— 

(1) y-^>^<D*f*i7^iSife 
9.^. SttMRh o<?:/^-<:5"Kt. eitMR h o 

if])-=.l^ifm^^^^^. ^LT (2) ©■ttffiRho 
o ^ ^'^-^li'K^-^tgSr^-t-^^^egic J; S t 

So 

[0 1101 rr-e. rife-^(©pi$<DS^SrSy^-t-sj 

«a#l;tMGTP V S • GST-Rh o A^>-/-«:J'!Si:<^ 50 
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o-yvh *fflv^ra■JS•r • /^-r y k • 

'^^f-J^ (two hybridsystem ) (M. Kawabata 
^13.2111-2120(1995). A.B.Vojetk et al.Cell 74,20 

5-214(1993) ) ^d5#{fP>tV. mxM.^ %mm\^fz.\i~ 

[0 1 1 11 7.i;v—=^i^ifjmmmi%trL\t%m^% 

cOV^■r^^^?^>oT^>J:<^ JisHJlS^t br», -^Jxtf. ^ 
e^aS, COS*fflJI&. S^^Jja. ^^*fflJ3&. y 

W-^Saia. i»ili**HflS (3Yl«BJ!a. NIH/3T3;ffl 
Ra t iSfflflS. Ba 1 b/3T3^Jia^) . CHO 

«Bjis. mm.mk. mmuu. w-'m^um.. •t-mm:!^. 

[0 1121 p^^' y— -i^^cD^flSt/f Sil^KH. #{c 

[0 1 1 31 2p:5IK{-J:ti-Ji. (l)^^y— - 

:^i/©*r^i'^c54^W^Sr. v^-^-- ^tSttSr* 

J? y — -^rUT (2) T'nv^^v^ 

[0 1 1 41 Mic*f:i. (i)x:^y 

i^^-^— ^ffittS-t-f S2^^ig{- J: -5 ^ ^^^-^^J' tt. 
UT (2) fifttMRh o:?:^^<:J'«M'g-tg^*L. 

eStt^^-r J; S iS' K*fc(4^cD 

[01151 rT-nf^^ i^:Sr-^-- SrofSttcopi^COm 

14, SfcfifilttMRh o^^v/^i^S^aT-crtvfeoffi 
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[0 116] ^fc. '^w.'t^mMm\z.^\^x7s^^i\.^m 

[0 117] mlB-r^JI»J^c:}oV^T^$i^^J: 
^!|2<D (4) ) o «eoT. ^ttMRho^V^^^a^:L 

[0 1181 msti^xn. ^^mm&w m^\t. ^ 

/i-T^;^^:/, a-r^^^>'. map- 

4) , :^XZ^±m^mn (^Jxtf. ^:=rv-V. 
h<D~oXh^^:ti^:^^'^^':f^^y h (MBS) ) 
[0 119] miEi-5llJS^J2*5i:tK5(cioV^-r^$ti. 

^ti.i:l:bt^b-cy v^>fl:;55 5'-l 5fg/Lii$;a^o t^o 
[0 12 0] ^fc. ^|Bi-5ll^S^J7^c:^oV^T^^^^^ 

x^{:i^nti.x^:t^^>mm^m\^^^t. stt^Rh 

Rh o^*^— ^cOKmffi;6S^l/5(C>B;T-r^o 

:=tt^i^mm^mnt vxm\^^^t:$:^m\cx^^^ y- 

[0121] ( 1 ) y^^V -^>^co 
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[0 1 2 2] :i:i-c. ^:^hi^:^yT^^<-'(Dm^<om 

m\:.xi^^mm(Dn&^m%irh:itf>^x^^o ^ 

"bo 

[0 12 3] *ffl^i*. -e^ij^tf, s^e^jia. cos^Bjjs. 
BASBia, vi^-'^m^. mmw-mm oyi 

Mia, N I H/3 T 3MJ§a, R a t IMIS, B a 1 b/ 
STS^JSa, Swiss 3T3^)5S^) . CYLOUfk. 

im^mf^. mmmm. w-mmm^^. 'hmmm.. ^mm 
jis, -wm^um. yvrmm. *3j;t^r^ 

20 [0 12 4] ]}—=.l^^(Dn^hti^h<r>\t.. SfflE 

[0 12 5] SliMRh SdlEcDj; 5 

Jc, tt«©?1^J**5j;T^^^, ¥?&«5coilx^3£t;5{c, ifiL,J^ 

[0 12 6] ^T'^^FjS.tUgmtf^ 

;r::«4<0669~681 #COT 5 J KIB^U (1 3 T 5 y 
^a*) (DH^m^i^^^'r^ly (Cys) Sr#*PU;fcl 
40 4T5 y^aS^^^^iS^T'^ KT?fcS, BB?iJ#-^l* 
fc{i4<D669~681 #<DT 5 y KIB^iJtt, R h o =3?- 

[0 12 7] ;r(D'<7'9=- Kf*, 

[0 12 8] :$i%m\z.xiv\tm^m^3iz.mm^i^=^r 

50 5 >'^lS?iW^P>/£.5-<:7'9^K, *fc«ia?iJ#-^3(;i|E« 
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[0 12 9] iB?lJ#-^3^c|E«^^^■5r 5 y®?i2?iJSr^ 
Ay-Vf£^^y"f- Kt LTtt. iB?iJ#-§-3(c|Ett$n-5T 

[0 13 0] :$i^m\^^^inmt. ^^^{c*^v^TiiS 
ia?iJ#-§-3(c|B^^4xS-<7'^K^. 

-ir^. yyh. ty-i^') (caW 

[0131] iB^J#-§-3 (ciEtg$tt^'<7°^ K«, R h 
o =3r-:h— ^(D^B^J-T 5 / KiB^iJ (ia?iJ#-§- 1 * t* 4 <D 
6 6 9~6 8 l#OT5 /^la^U) Sr-^/^-C/iStjO-e 
fcSo tJgoT, rOTHy ^J'a— :^/ufet^<7?#S6<]'feRi;£: 

(.-r^Jiib^. ^fe^SJS) I*. Rh o=Sr-^— e*5j;t^^r© 

[0 13 2] t?6o-C. *%BJcot. 5— 0(7)ffi(CJ;tvtf, 

icj;Si5f>-/-<^'a-e$>o -cJiiafei:#:{c x o r $ ti. 5 

[0 13 3] *%?g<DM(-t5 5— o®ffi{cJ:ix 

(1) mmcDMMt^i^^n^^^mKX^tni^^ 
-^tf^W^t-^ft^-ti:. -^rbr (2) ^ffl©*f*t/£^ 

VT'P s/t"^ v^jfe, ^&^it 

■vr^^r/K igifJtts (1 9 8 7^) ) m^mifhth. 

lliS«?!j3CD (4) m^^tt^^^iSfetC^DTS 

[0 13 4] ^^m\^x^^mmi^i^if^i^mm\i. ^ 
[0 13 5] ^mm\^^^mmm(OMi^mt brtt. 
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T (2) mm^'r y p^m.^(ommRft^(omm^mm-t 

J; o TSij^-r e t ^is-et ^, 
[0 13 61 *^M(;i<t5^tti^5' hii. JilE^mp^t 

[0 13 7] 2|s:5l|g{C<tS^y i!' xa^-tJl'mi^tif^mm 
tcSJE^t-^ifeWi LTtt. "^v-^fcttt: hRh o^-^- 
?IJ6 6 9~6 8 l#?r^tf) afet;!jciia?lj#-^ 3 (C|Ett$ 

20 [0 1 3 8] :*:%?g{CJ;-5Ji^y :h/wfet#:i:i|#M6*J 
(rSJcSi-S<^« WJ;ttf. !j7->-*fc(it NRh o^-^- 

x^y'-f >^^~if(D^m6^mni-i. '^mmmmizx-^x 

(Dmm^^mm («»J;tl*. iSAJE^. Jt^^ffi OL-ia'S 
[0 13 9] t^oT, ±lS^taj**3<tU!^ti}^2/ hfi. 

40 [01401 

(1) imimA\m(omm 

^/v'jra^^eW (2 0 0 g) §-^;i^-C^oT/h>tf-b. 3 
0 0 m 1 (D^'^'^-r-^ ^m-'< yyy— (25 mM T r 
is/HCK pH7. 5. 5mM EGTA. 1 mM 
h—;\- (DTT) , 1 OmM MgCl 
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:^:=./U :7/U:tv^h\ 1 m g / 1 n-f-<:/^V. 1 

mmt^i.fcm. mm^^2o, oooxg-ciBtw. 

4t:-e3«^L-:$^g|Lyho _bMffl^>^&^^:y:7r-A (2 0in 
M Tris/HCK pH7. 5. 1 mM EDT 
A. ImM DTT. 5 mM MgClj) (C^J-bTS 

:7r-A(c^bT3[il31Wbfc^. ^i^mmi^mi^tV 

[0141] (2) ^i^^SG^>y<^WT'7^::^9'^ 

^/V^ V— s - K ^ v X :7 Ti ^ — (PIT tg s 
TJ ti-^) -RhoA. GST-Rho 
^Aia37^ GST-Ra c l*5i:U^GST-H-R 
a s H. Shimizu et al. , J. Biol. Chem. , 269 , 
30407-30411(1994) , K Shimizu et al. , J. Biol. C 
hem., 269 , 22917-22920 (1994) (C|EttcD:*r&{;iJ; 19 iff 
iSb. :/T:^>' • ^cJ' W:^^K^C3— KUfCo GST- 
^^^MG^>^<i^M (^24nmol) ^Iml <D^ 

[0 14 2] (3) GST-^g^^lG^V^^^^WT:^ 

;^;^7^.^(c;^:^{tfCo ^WH^a-^lr. 2 4nmo 1 <OG S 
T. GDP-GST-RhoA. fc5V^^iGTP -y S • 
GST-Rh o A^^tf^7V'^^;^V--fe::7T n — ;^;^7 

;:ev^GTP(7)T■:^t3^-e$>5o ^/i-':5'f^;e-^--fe::7r n 

(^i%coCHAPS (3- [ (3 /wr ^ K:7'n 
/t^) i:/;?<^/^T V^^;^] :7'a>'N">';;^/^;J^ v^) ^^tf 
1 Om 1 (D/^iy:7T-A-e^mb. ^ttliU:9^Sr 1 m 1 -:3 
olHliRbyeio ^tbW^c^— U. K. Laemmli , Natur 
e, 227, 680-685 (1970) J: 19 S D S 

-PAGE>^m\ mm^^vtco ^mt^ni j-^$tt5 

ffii9-C*>o^Co r^^^i^^l 6 4 kD a co^>^/^i5^W (^^ 
iXRh o:3e-^-if) 2-1 OCOM^^Jcg^ta^ttJto 
^^VRh o^-^— GTP^S-GST-RhoA 

tf :^ - -fe- :7 r 13 — T :7 ^ ^ ^ — :^ ^ 

Ms<D^:^^h^m^ti. GST:^yM.. $>-5V^^lGDP• 
GST-Rh oA:*^i^;i^e>f^^ttl^;h.^jr;5»^o/Co ^ 
ti. !?->Rh o^-:^— iffl. GTPyS -GST-Rh 

-r^Rh o A^^^ V/^-^^«) ;0^e>t>t$^A/^f^tl:l$tt 
fj:t>^tCo ^^v-Rh o^-^— ^f*. GTPyS-GST 
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-Ra c l^GTP V S • GST-H-Ra s<DTy^ 
^7 VR h o ^-r-ifl^:^ Vzx.^^ -^m^'S^ L TS-ttM 

R h o K\cmw^mz.m^^^ ^ h tmt^hfi.ofc.. 

[0 14 3] (4) -^VRh o^-:^— ^OSffijK 
^^v-Rh o=^r-^— ^^^ffil^i-^fci^tC, GTPyS-G 
S T-R h o ASr^tf^/i^^^;^i-v-ir:7r >^t:7 
^^v^^— :;^^A;6^?>(D®ai®^ (iU^^S-lO) Srl^ 

10 Mono Q5/5 ^ — K bfco ^ 1 

Om 1 cD^^?/:7r— A-ei5fe#^. ^J'^/^^i^S^. o-- 

0. 5M<^Na c 1 mm(omMmm.^'mcmm.\.frL^^y 

:7r-A-e^WL. ^tHM5>Sr0. Sm l ^olnlitX L 

fco ^m{^ia2(c^^tt^iii9-efoo/co ^>vRho=¥ 

^t^. H^i^l 0—1 2tcv->^:^/ve''— bTdUtJt 
m2.}LW) . ^aiM^ (8-14) O-^^. 
SDS-PAGE^m\ ^^febfctr^. 

(^^^^ 9 5 %-t?$>o (gl 2 T^) o 
[0 144] (5) WT^:y-fe:>r{CJ:6Rh o 

20 ^l^^^'^W^'^^l^^<^'S.<Dmn 

M a n s e r ?> (E. Manser et al. , J. Biol. Chem. , 26 
7 ,16025-16028 (1992) ) t;i J: orgEtcfB^^tbfc^rjS 
i^^SbT. U-f T^>'-fer■-r^^^Tofe:o 

Sr6%cOSDS-P AGE(C;^Mtfc^. r^hair/un — 

"t?, 5$>M. 6MO:5^r:=^v^:/:^^^-^tf/^?^:7r — B 
(2 5mM He pes/N a OH. pH7. 0. 0. 
5mMMgCl2. 0. 0 5% hyh:/X-10 0) 
4^-e^var-<-hLfcm. $e>tc3^M/^?/:7r--B'^ 
30 -e-r:/:¥^-<-hLfCo r^^4[Hl^^i9ML/::m. 6M 
(^^r^v?v:^^>lr-g-tp/^iy:7r — B^^fl:*n^;^Co ^ 
bn-fe/vn-;^J^>|:l 0:^^Si: 5 ^?>(c^Sc^y^ 
?^:7r — BSrl 0 5>ft(C5[HliP:tfCo h air/l^a— ;^ 

l^^/-^5/:7r-BtcSbr;6^?>. 1 %<D!j7 viiSr/w:/ 
(BSA) , 0. 1% by bi^x-i 0 0. 0. 

5M MgCl2. 5mM D T T Sr^tf y V^Jffi^^:y 
:7r- (PBS) cott'tc^byto ^ bnzir/v-n— 

[^^S] GTP y S • GST-Rh o A. ^fz.\t 
C'^S] GTP y S • GST-Rh oA^'"''^ 
40 -gtfO. 5m 1 OGAP^^tyr^r— (2 5mM Hep 
es/NaOH. pH7. 0. 2. 5mM DTT. 5 
mM MgCiz. 0. 0 5% b y h:^X- 1 0 0. 1 
OOmM GTP) (ClO^ragbfCo ^ha-fe:/l^a — 
>^.]^f*. 2 5mM He pes/N a OH, pH7. 
0. 5mM MgCl2. 0. 05%hyh>-X-10 

oSr^tfPB ST*3IEI^5fe^^bfc=g^fejSi^'^T. y.mr7-( 

^'S] GTP y Sft. DuP o n t New Eng 
land Nuclea r %t;e»^6>^A bfCo 

50 [0 1 4 5] ^:^(*|gl3{;i^$ix53lt)-t:^fco/co i^i* 
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mm^<ommm^i^R h o ^-r—^hmm^i^R h o ^ 

-r—^h. ["'S] GTP y S • GST-Rh o A{;i 
^^^-r^ff^. [""S] GTPy S ■ GST-Rh o A 

Rh o A-^ >^<i^M\^=^::^ V^-f>^iftVxm 

fCo I^v-Rh o=¥':^— ^I^GTPy S • GST- 

R a c 1 {a^^^hf^^^-ofco 

[0146] 2 ^iXRh o^r't'-ifO^'^— ^ 

iKbfc^^v-Rh o^-^— if (1 On e^:^^<^nM) ^ 
flav^T. 2mM [y-^'P] ATP (6 0 0~800 
MBq/mmol) Sr-g-tf 5 0 // 1 CO^^r-t-— ?/ :7 r 
— (50mM Tr i s/HCK pH7. 5s 1 mM 
EDTA. 5mM MgCl^. 0. 06% CHA 

PS) (^=^v>mm^^>^<^ns s6-< 

4 0 mM) o#ffiT^fc(i#^^ftT-ctTofc, 3 ot:-e 
(c, SiS^^^^^SDS1^>'r/w^';/:7r-^•T*^»b 

SDS-PAGE{C;0^ttfCo SScWtg^flS ^tt/c^^ V 

=¥-:^-ifffitt^®^^-r^fci?>(C^7ry h >-:xp 8 1 
-<>r^^— (c;^^?/ h bfdo ''P<DS®--(DSl'9i2ii^ 

Ttc^^tb6ili9-Cfco:^Co i^. [y-^'P] ATP 
ft. Am e r s h a m%t;6>?>^Abyho 
[0 14 7] (1) flf'ffiMRh o A>5^ 
i/R h o ^~r—^<D gey V^-fbSttOTtitftEI 4 {C^ 

ft. ^:/tfha-C [y-^^'P] ATP#^9ETfgey 
:/^<t:tg«r:^bfCo rcogsy ^^^^ktgft. GTPyS 
•GST-RhoA (U—l^S) lzX^m2mz.i^XrL 
m$thfc:^^, GTP y S • GST-Rh oA^'''^^ 
(W— >4) ^GDP yS - GST-RhoA (V— 
2) cD/Lii^*ftGTPy S • GST-Rh oAJ: *9 t> 
/h$::^>^o:rco ^i:*5. ;lV^fcG S T-R h o AcD?gftft# 
1 ^M-CfcofCo 

[0148] ( 2 ) #^3il&<3^K^teffl bfc»^{;i*5ft 
^ffil^MRh o A>5'>/^^^®{Cj;5!>VRh o^^— ^ 
ffiffiiOTtii ft El 5 *5 J: tJ^H 6 (c^ $ 5 ol »9 T*fe o ;rCo 

6^:7^^ K. aPKC^SW^bT^ftffibfcJ^'g^fCt,. 
GST-Rh o^#:?£TT*:me>^y VS^^kb/c (0 5 
*5J:I5|gI6) o ^^v-Rh o=¥-^— ^tcj:5^^y viSS 

S6-<:7^^K. a PKCOy ^-^fbft. 
GTPy S • GST-Rh oAt:iJ:t):A:ii$ni^c;6^ G 
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DP-GST-Rh o AO/Lii?^mft#f1tfC>I£75^o/c 
(li!5) o ^i^Rh o^'r—'\f\cX^S e^y^^VCDV 

^-^^fl^ft. GTPy S • GST-Rh oA-e{e3fi^tu/c 
GTP y S • GST-H-R a s:j3j:U?GDP • G 

ST-H-Ra s\t±<m:m^^^^^-r. GTPyS 
• GST-Rh oA^"''\ GTPyS-GST- 

R a c 1*5J:U?GDP • GST-R a c 1 lt?a®(:©^0 

i&m?0}^^^'r(o^x:h^tc me) « :i(oxo\^. ± 

10 commtl.XM:hi&\^XV^ti, fflV^fcGST-ffi 

[0 14 91 (3) m^mRh o A^l^y-^^Ml^X^^ 
v^R h o ^Sli^r/Liii-^^Sfi^/jrSK 
V>''^i5^«<D^^^tTo/c^mftE! 7 ^tb^il t) 

feofco Rh o^:/^'^^«ft^j§S#*&coS«i^t-ia#b 
TV^5ir#x.t>^^TV^^^D-C. VR h o ^-^^ if 
^*fflJ3a#^*JfflI^V^>':^^«-Cfc^t'':/^^y (v i n 
cul in) , (tal in) . ^lf>'^^ y 

>^ (metavincul in) . ( c a 

20 Idesmon) . :7^^^:/ (f i lamin) ^ tf 
7« ly'^ly (vimentin). a - T^'^^-l^ (E. 
A. Clark & J. S. Brugge. Science . 268 . 233-239 (1 
995)) . MAP -4 (H. Aizawa et al. . J. Biol. Che 
m, . 265 . 13849-13855 (1990)) . ^ :^iy>mmy :t :^ 
:7r^— if^7:>^;^W^^1^:/^^5^ h (Y. H. Chen e 
t ab . FEBS Letb. 356 . 51-55(1994)) (DV ^^it 
fCoV^T. _biao^#{c2gCT^rtbycio tctdV. 

30 ffl (T^ y ^la^ijoe 9 9-9 7 6#cosa^ij) }i^7vv 

Rh o ^-t-—- ^^ftGST-Rh o A^#iST^fcft#^£ 

y p« ^ t'>'^^ y :^7/W7^><.^>'. y^y^i^^ 

If^l^^l^^ a-T^^^^^'ifcftMAP-4^SKt 
br;^V^ySlJ&^^Cft. GTPy S • Rh o A#ffiTt^<0 

40 b/^;05t. h (5 0nM) 

aibT>lV^^t. GTP y S • GST-Rh oA^^E 

PyS-GST-Rho A#ftTr*0 ^ :ti^-^^yza,- 

tibX. mi Si^Xiyofc mi) o ^c?*5. fflV^fcGS 
T-Rh o A(7)Mftft#l MMl?fco?to 
[0150] (4)Rho A(OmWi^i^m<^B^ 
Ra s ^:x/^-^Kcoai/^=^co{glft;^>5. ^©OTx^/l^i/ 
r?^^— if (H. Horiuchi et ab , Mob Cell. Biol. ,1 
50 2,4515-4520 (1992) ) ^R a s ^ K^fe#ttMA 


(22) 

41 

P^^'t—'^^'r—^^^—^ (B-Ra f) (T. Itoh 
, et al. , J. Biol. Chem. , 268, 3025-3028(199 
3)) ^;65*Pfci^TV^5o Ka ci^>^<^M 

{*a^-efe5 (S. Ando et al. , J. Biol. Chem. , 26 
7, 25709-25713(1992) ) o ^:it?. Kh oA^>^^<:^ 

it(D/Cm\z.Bm^R\i'r^^t^o:^^^^mL^tio H. Horiu 
chi et al., Mol. Cell. BioL , 12 , 4515-4520 (199 
2)*5i;OT. Itoh et al., J. Biol. Chem. , 268, 3025 10 
-3028(1993) (;ilE«0:&ffi{c2pi:T. mWim^MRho 

tfp^ttfcGTPy S^^^Rh o A^^-z-^^^^Rfi. 

mmx ^hs6 -<y^ K<o y :^m^t^^^n:m i^tz.. 
[01511 mmm s ^t^R h o ^^—^(ot ^ym 

(1) m>^c7)iB?iJ^S 
!Fi»b/c:!>->Rh o=¥^— ^^>grSDS-PAGE(C;0^(t 20 

—if I . ^XXJ^::^> K:^^^^^^^— Asp "N-e^'i 
itL (A. Iwamatsu, Electrophoresis, 13, 142-147(1992) 

[0152] (2) cDNA t^^-~':=^>^ 
^iyRh o^-^—- if^::^— Ki-^ cDNA^i^n— 30 

2X1 0"Ojfi5:£Lfc>^^ — iJ^) {^^>'y'>y^ik) 

fC^^) h . ;^y rf . >^n->^ 

-r^tt(D^^-f':fVi^-('if—^^3^^n. J. Sambrook et 
al. , Molecular Cloning: A Laboratory Manual: Cold 
Spring Habor Laboratory , Cold Spring Harbor , NY 

(1989)(;ilBtt^ttTV^-5;b-&(;i5¥CTtToyto cDNA 40 

p B 1 u e s c r i p t II SK (-) (M. A. Al 
ting-Mees & J. M. Short , Nucleic Acids Res. , 17, 
9494(1989)) (;i ^ a — L . ABI^hC^DNA v-— 

[0 15 3] (3) m\}^m 

^i^Rh o^-^-if c DNA(0±SSgB?iJ*5j;U?*6^T^ 
^^^^ii>9■CfoofCo c DNA:^SgB?iJ;5>^t)^ffi$iT.'6 50 
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r^v-Rh o^ar-^— 1 3 8 8T^ y®^3^S;&^t>/ce 
»9 . nW±<O^^M\^ 160, 797Da^/<e«9. SD 
S-PAGE-T^jm^Lyh^J-^i-Cfc-Sl^l 6 4 kD a ^ 
SMbTV^fCo ^^bfc3 7®cD-<:7^^Kff>^^T;55c 
DN A:^SiE?'J;0^^^S$n'5 •i^ VR h o ^-T—ifT ^ 

y mmmz.^±tix^ t). :Liv^nm9<DT^y mwm 
(1. N*)ffico2 6 or 5 y^d^^/c^^iB^ij (ia?ij#-^i 

CD9 0-^3 5 9#cor ^ y^gB^iJdtiS) iiZ,±Vl^:^\^ 

:7 ^ — . ar^— If (J. D. Brook et al. , Cell , 68 , 
799-808(1992) . Y. H. Fu et al. , Science, 255, 12 
56-1258(1992) . M. Madadevan et al. , Science, 25 
5, 1253-1255 (1992)) cD=^■:^-if ^ V ^ 7 2 %cD 

#-^-1 3 8 — 1 1 2 4#£OT5: yg^ia^ijtctgs) . 
CT^ffiilldtiv^^-^ • :y>{>i^—^miy^ (SB?iJ#-^i<^ 

1261'-'131 5#cOT ^ /^iB^iJt;i^@S) #l5Ei-^ 

[0 15 4] ^^v-Rh o^-^-- ^^cD^-^-if®:®. 
/ixK • ^'-f/i^M^. h y • /^^a v^— (p 

H) .y=^^;;^ha:7^-. ar-^— if 

0^tte>Sritt^Lfc^mf^iai 0(c^^n5ii'9-t?feo 
fco ^>'/^^WO^^ni;?— BLAST 
{;ii:*9^Tofc (S. F. Altschul et al. , J. Mol. Bio 
1. , 215, 403-410 (1990) ) o 

[0 15 5] (4) ^^^mh4 j-^y-f^vvrnm^^ 
nmz.x.'o^ ^^^R\io^'r—^<ou^T%ymmn^ 

6 9 — 6 8 1 (KRQLQERFTDLEK) (C^^-T^ 
(CKRQLQERFTDLEK : iB?lJ#^3C0T 

[0 15 6] l^v-Rh o=¥■:^— ifO-f :/n 5/ 

E. Harlow & D. Lame, Antibodies: A Laboratory 
Mannual: Cold Spring Harbor Laboratory, Cold Sprin 
g Harbor , NY (1988) (C|B®£D;^fife(Ci: 19 HJE bfCo ^ 

-^^<^%mm^. ^vjfiLffr/w:/^ v>^^l^^cfflv^T. 

M. Bradford , Anal. Biochem. , 72 , 248-254 (1976) 

^^^yR h o y Y(OR h o -^^—^h 

[0 15 7] mm^. (nil (C^$n^all9-efco/Co 
VR h o =¥-t— ^C0Mja#MW^fe^^SrS^-<6fc2^tC 

^ 5/ bcoMi^^^o/co R h o ^'r—'^(o%m^. 
ar/M^-e^*-cfc»9. ^L«. mu. m^^xi^m 
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[0 15 81 ^is^j4 mi^mKh o >^^<^ m tm 
(1) ^y^^ vmm 

=^4/i^i$,(Di^>^<:^Wi:^^fcib{Z, pGEM-HA 
-Rh o~K i n a s e^llk<DX^\Z.VXmSkVtCo 
iXR h o ^-r—^CD 0 ^>Sa^fJ#-§- 1(0421 — 1137 

bCDcDNA^. ^7i/Rh o^-^— if c DNA (^:^^J 
3 (2) ) t^h'PCRKX^ . ^^^-f-^— 5* ATAA 
GGATCCCTACTAAGTGACTCTCCAT 
CTTG3' . ^XXy^b' TATAGGATCCTTA 
ACTGCCTATACTGGAACTATCC 3 ' ^ 
fflV^Tii!^gLfc„ roJttlc DNAP?f,n-*rp GEM-H 
ACOB amH I f--f h (^1 ^ n >- ^-^ft: L :rCo 
to 1 5 9] (2) >r Vt'hnlSiR 
p GEM-HA-Rh o-Kinase^. mM-^^^::^ 
T/WCfS«$;^tTV^^^#-C. TNT T 7 h^^^VtL 
Uy^^ h • y>r-fe— bcO^ (P r ome g 

T:=^>' • l/;^^ K (=&0. 75nmol) ^^n— K 
l.tcGST~^^^mG^l^^<:^K^. 3 1 /X \ <D^;V 

^T:^>-'±yT^—^ 4 B tr— X(c@^>fl:Lr. 3 
10m 1 (lof&s) (D^<y:7r-Ax-m^i.tco m-^ 
Ybiif-x^. 3 0m i<D4i^tfh r^mwiM^m^m^^M 

Img/m 1 5{-^^Vjk 
/Co t*— Xti, 102m 1 (3. 3ii&) <D/^yyr — 

A-e6iHi?5fe?^br. ^^L-rv^5^v-/'^:^^«^^GST- 
^£^^^^aG^:/^^":^^Ki:^^;ll OmM ^/V:^'^;^^^^^ 
^tpl02Ml (3. (O^^^yyT—AXZ^m 
fflbyho *^^](0^ttl?K^SDS-PAGE(Cd^t. 

[0 16 01 >r >-tf hPfflaR-e#fcl>i/Rh 0^-;^— ^ 

GST-Rh o Ar:7->r^-r-r^t:*— Xtte^b. 

I9GTP y S-GST-RhoAti:t>(C 
^f±l^^^:fc (i/->'3) o GST (i— vi) , 

GDP-GST-RhoA iU—l^2) . GTPvS- 
G S T-Rh o A^''^' (W— V4) . GTPyS 
•GST-Racl (iz-^-e) . fc6V^^^GTP V S 
•GST-H-Ras (V— V8) :7 ^ — 
— :^{c\^^^Vtj:t^^tCo l^v-Rh o^-^— ifO:=i-f 7P 
K-:=i>f/l^:«#ifiO^>^<:?^M (®a?lJ#-^li07 9 9 

-113 rmcoT^ y^mm) ^m^^fcm-^xh. 
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:i<0::itn. GT P y S • G S T-R h o A(^. !?i^R 

^r^>^^bTv^^, f^. «is#ai 1) -t^^ 
• /^-r:/y 5/ Kv^>^7^^^>^v^Tt: hRh 

R h o ^'r—^<DR h o^^^Eti. ia^ij#-^ 1 O 9 4 
3-1 0 6 8#(Dr^ y^ia?ij-cfc^i:itfe^;rLfc (H 

1 0) o 

[01611 5 '^VRh o^-^— if(Cj:^^!7 

(1) "i^v^Rho^r-^— ^(;ii:5^!7 hy • 
t^v-Rh o^-^— ^(^:=^!7 hV<D^:^^y>^'^-f'y':=^:=- 

y h^m^^^tcm^xh. :iiv^v>m\:i.tio ^17 hy 

(0 5. ;rv'V^^i^>^cin^y h (Shimizu. H. etal. . J. 
BioL Chem., 269, 30407-30411 (1994) ) (DCM^M 
(D-<-:f^ h^m)i (T^y^753 -1004) t^/i^h—:^m 

^^iyy<^9t<om-^^>^<^n (MBs-c) ^mm 
20 fii2 (3) \z.mm<D:^m^m\:^xrfmvs :^ti^&Kt 
bT«v^r. mmm2 (3) \:imm(o^m-m}:^x 
Rho^-r—^ii^x^vi^m^mu^^nmi^rc mi 

3) o ^(O^^M. !>VRh o^-^— ^^{CJ:^MBS-C 
oy >-^^b;(0@^(*. =2:/hn— /V (GST#ffiT. l-- 
— >-l) (Clt;-<. GTP y S • GST-Rh o A#^ET 
X5m}iK±/LmL.fz. (U—>3) o ^y-fi^^S^^-. GDP • 
GST-RhoA (U—>2) . GTPyS-GST- 
RhoA^''^^ (U—l^4) . GDP-GST-R 
acl (W— >5) . GTPy S • GST~Ra c 1 

30 (V— >-6) xnv >mt(D/hm'±m^hth^j:-^^otio 

-^fz. ^'7hV<0^:t^^>^^D-':f::^=:~yh (Shimizu, 
H, et ah, J. Biol. Chem., 269, 30407-30411 (1994) 
) <DN*ffi{|iJ(D-<:/^ KW>i- (T^y^l-721) 

Sr. MBS-C(D:^>i:>^KmKtl.xm^^rcm'^\^. 

iyRh o=^•^-^f^iw^^^y v-^-fbbTSi^^ofc (7^-^ 

[0 16 21 (2) ^^v-Rh 0=^-^— ^tcj:^-t7 b y 

40 (D'^m^^. Shimizu, H. et al. , X Biol. Chem., 269, 
30407-30411 (1994) (C|SttcO;^ffi(Ci$ oTilJg b/Co 
^mm(0^f^^i^m^^<O^ZyR h o ^-^-if^ffi 

fc (m^l) o ^/c. ^'^r/j:ig«<?^!>v'Rh o^-^-if 
#«T-C y ^-^{t: b/c ^ ;^v->'g^7}^ :7 r ^ If 

mmii^m^vfc (mm 2) , 

[0 16 31 ^(O^Sk. ^i^Rh o^'t—^<Dmm^^ 
50 't—^KX^Viymmz.xy). ^;ri/>'g^^>^:7r^ 
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2) (o^^^^t>^x. ^^^Rho^i—^comm^m 

[0 16 4] ^i^Rh o^'r—^{Z.X^y^f^(D^:ti^> 

mm^-^^^^r^—^covi^mt (mmi) m^(D& 

(O^i^Rh o^-r—^^tET. 1 //MCDGTP y S • G 
ST-Rh o A#ftT^;^c:(^^#^ETT% mmi^tc^:^ 

i^>mm^-:^yr^—^ (i. o g^>y<^m) lo 

t?4 0 /z 1 (D^^^y^r— (3 4mM T r i s/HC 
1, pH 7. 5. 3 4mM KCK 4. 0 mM 
MgCl 2. 1. 6 2 5mM EDTA. 1. 2 mM 
DTT, 1. 3% -y^^J^n—^^, 0. 3 8%CHAP 
S. lO^M [^^S] ATPyS) ^«-e^T^cCo/Co 
3^raY^-^^-^- h^. S^£^.j:i'a^?g*'SDS-PAG 

co^S^;^— h^i^;^:/^:7^— (Fuj i BAS- 
2 0 0 0) {ci; i9«!)^bfco 

[0 16 5] ^::^v'>^Sig^;=^::7r ^-iffSttJcXf^-r 20 

(O^rft (c J: 19 JftM L/C 5 >^^m^ x :7 r ^ -if 

ATP y SO#ffiT^fc(^^#ffiT. lAiM<DG 
TPyS-GST-Rho A^iST:^ fc(^##^9ETT% 

m^<Dm&<D^i^Rh o^^—^\cx^ vi^m^tvfco 

R}t{t,5^ 1 CD4 6inMEDTA<SrAnx.r{fihb/Co }k 

Tris/HCl, pH7. 5. 3 0 mM KG K 

0. 5mM UTT^M^X. h — ^/W 5 0 m 1 <^SiS 30 

m^m (5iiM ''p-^:t^^iymm^^t^) tvx 

i^;^ffihLfcm. ^;^i/>'6«atc^'a'bfc^^Po»^ 

Ishihara, H. et al. , Biochem. Biophys. Res. Commu 
n. 159, 871-877 (1989) J; 19 ffl!)^L 

[01661 ^mtl. El 1 4 {ZTjk-rX 5 v-R h o 

f^ATP y s##^ftT-e(*^e>n/c(:^^ofco &.±<o^^ 

X^. ^i^Rho^'t-"^\cX^V>'mit^^it^t. 

[0167] mmm e n i uy 3 t 3 m^[Hx<DR h 

TIE{ClB«-r^1t(-. NIH/3T3*fflJ!art-C. Rho 
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itt^/hm-r^tt^t^ oMz.'-:>\^^xmm^tio Mt^^m (st 

ratageneth) Ol^fflUigg^icS-^^. N I H/ 3 T 3*0 
jgaj^. p3* S S*5j:U!pOPRS V I -HA~Rh o 
A^fdltpOPRSV I -HA-Rh o A^*'*"^ 
S^S^tc h^>'><.:7 3ii:?^->3 v-Lfco 
Kl* I PTG$iJffllT(c^'^>/yv^:=^V (HA) -Rho 
A^:fct^HA~Rh o A^''^^^^^^-^5r 

(confluent) tCiglLfcN I H/ 3 T 3 SBJiSt* («t*. 
N I H/3T3-Rh oA-5. NIH/3T3-Rh 
oA-24. N I H/3T3-Rh o A^'"^'-7 
*5i:U^N I H/3T3-Rh o A^"'^-2 5) ^ 
5mM I PTG-C2 4^^*fL3SLfCo S^O 1 2 B#M 
f^. ifiLM^^5febfc:^«?^^>-eig*b. ^O^. 9. 2 
5 MBqCO [=2P] y >^^T*2^ra^f|^L. 

^^SDS-PAGE(C;^i(t. h ^ i^:^^^ ^ — 

[0168] Ji|B(0::&ffi-e. Rho A^fc\XR ho A 
^^''''^N I H/3 T3^Ji&4'(CaaSiItC^^$-^;rc 
tZ^. A. J. Ridley & A. Hall, Cell 70, 389-399 
(1992)^J:I5A. J. Ridley & A. Hall, EMBO J. , 13, 2 
600-2610 (1994) (;itB^coi; 5 ^^V^V'-</^CDy^ 

-^mm) Rh o A^fcfiRh o A^-^'^^^ig 
W(C^^$-^fcN I H/3 T 3S^SJ!aF^(^^;^-i/Vfe'^i^ 

:/jx-,;/ boy >'^^t:coSS(l. mtt(^NiH/3T3 

it-<T^^{cSd^ofc (015) o 
[0 16 9] ^(C, ^t5^:JoJ:UJRh o A^fdt^Rh o A 

'"''''^i^mn^^m.^'^tiN i h/3 t s^jssf^co 

^;^i/>'^^<^y >'^>fh:coa«^^. TIEtclE®(0:fr}fe(^ 
tSoray^bfCo I PTG^3l:JoJ:U^jfiL?f|^5fe^{t>^l 
0 Ommy^'^ 5/ -^t? o N I H/3 T 3*fflJiat5StC 
10% TCASr^iDb/Co ^:tl^>^mm<DV >'m<t(0 

mm^^M-r^tc^ic^ hv^^x^mm (tca) tt^ 
i^^i/y irp— /w- ^>i/r • ^/i-a^Sct&t-^^tt. y^- 

®^^ti$^^/c (monophosphorylated (MLCP) *5j;U^d 
iphosphorylated (ML CP 2) ) ^:^i^>mmtV 
mi\:^tiX\^^t^\^^^:ti^>mm<omM6^^^M^. -r^y 

•:^ni?/hft (D. A. Taylor & J. T. Stull, J. Biol. 

Chem. 263, 14456 (1988)) t^lJ: »9 ^iLlTco :i<om. 
fmS^^. 0. 1 /:iM<D7^^:7r ifP-i-S^PJ (calyculi 

n-A (CLA) ) XI o^mftntmvtit::^^. ^:tz^>'mm 

(?^y :/^>fbOSSfi±#Lfc (gI16) o RhoA^/c 
(iRh o A^"^^^iSSil(;i5&^$ii:fcN I H/3 T 
3^J§ap^<7>^ ;^->'Vg^<Dy ^t*C>N 
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I H/ 3 T 3 mm^co ^ :ti^>mm<o y >mt<DmM{^ 

[0 17 0] &sT<ommz.i^M^iv^t>nx\^t^:\^^tK 
N I H/3 T S^JiSp^fcF^iae^tc^ 

[0171] mmm ? ^ v-r h o ^'r—^^xx^^(o 

(Hathaway, D. R. & Haeberle, J. R. Anal. Biochem. 
135, 37-43(1983) ) . ^ ;^v'i^*5 J:U?^ ;^W^0=3e 
if (Ikebe, M. , & Hartshorne, D. J. J. Biol. Ch 20 
em. 260, 10027-10031 (1985) ) W^X^fc^'C^ h )) 

[0 17 2] ^fc. ^^y-RYv o^^—^<Dmmmmw\)^ 

(CAT) ) Sr. Tm^wm<o:^m\z.m<>x^mv.t:.o 
»^ VR h o ^^-^(Dm^wm\)i: (la^ijs-^ i cd e - 

5 5 3#C0T^ y^iB^lJ) Ki-^ c DNA^^i" 

^> Kp Ac YMl -GST (Matsuura, Y. e 

tal. , J. Gen. Virol. 68, 1233-1250 (1987)) COB a 30 
mH las^^^t^jf Ab;rc:o #e>ttfci:7^^ ;^ 5 KS:fflV\ 
Matsuura, Y. et al. , J. Gen. Virol. 68, 1233-1250 
(l987){;ita«cD:;^ffi{^«eoT. ^<^=^vi^^ ;v:^ • z^:;^ 

"rJ^smm-r^^tKXox^ Si 9mm (atcc 

CRL 1711) (CRho=^-^— if (CAT) 

[0 17 3] ^7->Rh o^-^— ^^4Bj;t^-iE:O^^^S^ 
(;loV^TCD=ar■^— ^SJC&(:i. 6 0^1 (ORjtM^W. (5 
OmM Tr i s -HC 1 (pH7. 5) . 2 mM E 
DTA. ImM DTT. 7 mM MgCl^. 0. 1 40 
5% CHAPS. 2 5 0AtM [y-^P] ATP 

[1 --2 0GB q/mmo 1 ] . !ff 1^ VR h o =^-^— 
if [2 0 n g(7)>5^>'/N'^«] ^yc:fl!?VRh 0=^-^— if 

(CAT) :j3j;U5^Lyci4o^ ;<^v^>'e^*:^c^^^ 
l^) (1 GTPy S • GST • Rh o A#?ST> 

^;^oV^T^O:^';h— ^SitWi. 5 0 1 OSiSi^ii'g'fK (5 
OmM Tr i s -HC 1 (pH7. 5) . ImM M 
gCl2. 85mM KCK SOO^M [y- 
^'^P] ATP [0. 5'-5GBq/mmo 1] . 3ff]^^ 50 
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\^f:Lm<0^:ti^>mmiitL\^^:^-yl^) (0. ImM 
C a C 1 2*5J:T^1 0 tx g/m 1 :fy;V^iy:ju ]} 
T*fc(*l##«T) ^'-CHJSLfCo 3 0r(;l*5V^T10 

^<yyr — ^xmML: SDS-PAGE{C;d^{tfCo S 
DS-PAGEfiia5fe(;ilBtt$tt7t:*-& (Laemmli, U. 
K, Nature 227, 680-685 (1970) ) (C^go THiE bifco 

ik^^WM^f\^ti^<^^Y^mm.mwmu (Puj d tc 

[0 17 4] ^(Dl^^^ ^^i/Rh o^-^-- ^ (CAT) 
;OS^;^^v-vS^^S^y V^^t;-t-^r ^SrSWb/c (Hi 
7)o GTPyS-GST-Rh o A(i)^]H v-R h o 
^r-:^-if(cj:6^;^Wg«(75y ^m>ft;^lrii3SLfc;^^ 
GDP-GST-Rh oA^fcflGTPy S • GST- 
R h o A"'" (ii«5Sb:^^;6^o mil) ^ m^d. 
R h o""^^ R a s ""^^ tffiit_blKl^-Cfc-5o R a 

gAiaasf^^ ni:7zn^>5?— K^-f ^/(Otf {CT^ y 

^-r^ r ^^^S-et^^V^ (Satoh, T. et al. , J. Biol. C 
hem. 267, 24149-24152(1992) . McCormick, F. , Curr. 
Opin. Genet. Dev. 4, 71-76(1994) ) o ^fc. GTP 
yS-GST-Racl h^^t^f^t^-Dti^ 

^4<^:$^^-CV^6m^;^^7v^Rh o^-^— if (i^iXRho 
=^-^-if (CAT) ) h^:^l^>'mm^V>'mt\.tLo 

fz. (Ill 7) o ^/c. l^-^Rh o^-^-- (in 
tact) <0^:ti^xr>^:t^y>^m^. GTPyS-GS 

T - R h o A^^mfm^^x V i^mit-r^ r t ^^m u 
tc (mi 7) o Mi^^i'^/i^<Dv i^/ucD^ 

m^<D^\^. GTP y S • GST-Rh o AcO#ftT 
•T?. )ff»!>v^Rh 0=^-^— ^{Cj:oT. fc^V^^^!^VR 
ho^-^-if (CAT) (Cj:oT. M^i2<iL)xfz. {f— 

iX:x^stoichiometrical7'cC^il^T ]) :^^it't^ - t -^^^ 
ibttTV^^ (Tan, J. L. et al. , Annu. Rev. Biochem. 
61, 721-759(1992)) ^ 

[0 17 5] mm^^^Rho^-r-^i^M-r^mm^th 
y i^m\\^^m'm^ 5 r ^ j; o r ^ 

(mi 8) o GTPyS-GST-Rho A<0#^ET^ 

Km^et^. 2. 6±0. A^XXy^l^. 6± 

1. 6mM-C$>I9. ^ bT^^^Ofi&l* (molecular act i 
vities) (^0. 26±0. 03*5J;U?0. 15±0. 0 
2 s e c-'T*foo/Co «eoT. GTPyS-GST- 
Rh o Afl^;rv>^S^tC^i-5!>VRh o^-^— if<^ 
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mm^/Lm (increase) V >^mts,}t^(DM:kmm 

^^J^ (produce ) i"^ J: 5 (cS:bttfCo i/R h o ^ 
-^h-if (CAT) <^^Jt(t<OKmfli::j3<tU5:J>^ettti^ 
tl^tiO- 91±0. 0 7 //M43j:t;?0. 67±0. 0 
9 s e c-^-t?fcofCo ^;^i/>'e^fC^-r^^::^i>'>' 
S»=^-^-ifcD^j#tt(OKmM*5J:U^5)-^^S'l4 (molecu 
lar activity) tfj3ZgC>^#coT-C. -^rlx^tb. 5 
2. 1±7. 1 AiM*5J:IJ^2. 0±0. 36sec-' 

n:^Co iftS^'v'R h o ^^—ifco^^fSi^t^^iyR h o 
^-r—^ (CAT) c^^;h.J:*9>IS;0^o/cM*f^. iftKii 

[0176] mmm S ^ VR h o ^r-:^— JzU^^Q 

^ ;^v^ V^llf^. «^&tJ(- S e r - 1 9 ^(CT h r 

- 1 8'^-^:tt^>'mm^'r—^Kx^ v v-^^t^tu^o 

(Ikebe, M. & Hartshorne, D. J. J. Biol. Chem. 26 
0, 10027-10031 (1985)) o ^ LT. Ser-19coy 

Ki^^^'C^^ (Kami soyama, H. et al. , Biochemistry 
33, 840-847(1994) . Bresnick, A. R. et al. , Bioche 
mistry 34, 12576-12583(1995)) o ^ :t->l^mmi^S e 
r-1. S e T - 2^Xl^Th T ~9\:^^\^^xyxny^4 

-^-if c 6 r CO y i^mtn ^ ;^ a t p r-if 

Jz^r^^Vffitt^b^PlW-r^ (Nishikawa. M. et a 
1., J. Biol. Chem. 259, 8808-8814(1984) , Bengur, 
A. R. et al., J. Biol. Chem. 262, 7613-7617(1987) 

X 4octt^Ikebe, M. & Reardon, S. Biochemistry 29, 
2713-2720(1990)) o 

[0 17 7] '^i/Rh o^^r-^— if(Cj:5^;rWg«gC0 

CKX^ in V i t r o XV ^mit^i^t:!^ 40 
(Naka, M. et al. , Nature 306, 490-492(1983)) {Z^ 

^^i%fc^ivtm^£<>X\^^t:L (019) o 

[0 1 7 81 V >m<tT^ ym<D^¥f^. mm^ 

tbTV^5;^ffi (Hunter, T. & Sef ton, B. M. , Proc. Na 50 
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tL Acad. Sci. U. S. A. 77, 1311-1315(1980) ) tCtS 

^^-"^Kx^ y >'mitn^:tiy>mm<D-^r y >mm 

(Ser-19) {Z.^\^^X^^m:i^:it:^^mh'^^tfj: 
^r-^h-if 5 :ti^l^mm(0 Ser-19 ^m^^Z D >^ 
i^t^ViC^tyRh o^^—-^ (CAT) ^m^^tcm^X 

[0 17 9] GST^ty^<^M^m^m^:^i^>'mm^ 

XXfTh r-18tSer-l 9 ^^T ^ ::^>mM{zm^ 
V^ymYrt^:Lhti^X^^t^}£bfi^'k^ti\.fz.o ^tt^ 

<DU^7L^>^<^W'^'Xm^X^'^^'^^fL^<D-<^^ 
— (pGEX-^;^v-:/6^:l3<tt;^p GEX-^;^->>' 
^■^—5' AATAGGATCCGATTTAACCG 
CCACCATGTCG 3 * *?<fcU?5' ATAAGGA 
TCCTCAGTCATCTTTGTCTTTCGCT 
C3' Sr{£;SbT. =7v VmQvi i c k^a — :xcDN 
A (Clontechit) t^h. ^ y P« If ^^SiSt- J: «9 . 

Ki-^0. 5 5=^a:^S^cDc DN 
AirM-^JiililbfCo T=7^l^ (Ala) dJl^Thr- 
1 8*5<i;t^S e r - 1 9CDmm(^, y ^ — if ^^g^ 
iStCcfc i^mSb^^c (Higuchi, R. in PCR Technology (E 
rlich, H. A. ed) pp. 61-70, Stockton Press, New Yo 
rk(1989)) o cDNA®f>T-=lrpGEX-2T<DBamH 

[0 1 8 0] ^<D^;^, !>v-Rh o^■:^— if*5j:tK^;^ 

^yi^mm^^—^(DW.')5i>^o s T - 5 ^^y-i^mm^ y ^ 

^^bb/c^^ GST^:^cJ*GST-^;^v->'«^ 

i/=3r-^— if CfiGST-^;^v'>'eig:j3<i:t^GS T- 

bX S e r - 1 9 \z.^\^X V 

y) y >mt ^ti^m^tm-'Xh^:Lt^-7jk^ titc, 
[0181] mmm9 r^^>fSi^^tMRATPT- 

T^^vRh o^'r—'M-^mmmmz^^^x^:ti^>mm^ 

^f"^^tt>fl::Mg ATPT— ^T?/-fe:-r SrHJSbi^Co Jff 
M$^xfctl«0^;riyvS:!>iXRh o =^-^— ^ (CA 
T) (ci: *9 1 ^/vco^ y *9 1^7i-coy >'^>fl:;5»5® 
^-si^tcy v^^bb. ^^^xt^'T-^kz.Xox^^wl^ 
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Ty^^\t^ j§i5fe{c:|B«$ttrv^5:**j£ (Ikebe, M. et 
al.. Biochemistry 23, 5062-5068 (1984) ) (C— 
M^*Px.-r||J£bfCc ^-f. 0. Img/m 1 <^>^;rv 
^i^^h. o^-r—M (CAT) (4 5 0ngCO>5' 
>/-?>>«) \:L^y)0, AbmlCORj^^mi^m ( 5 0 mM 
Tr i s-HCl (pH7. 5) . 2. 2 mM ED 
TA. ImM DTT, 6 mM MgCl^. 1 mM 
EGTA. 85mM KCK l/xM GTPyS-G 
ST-Rh o A*5J:U?5 0 OmM ATP[80'-'20 10 
0MB q/mmo 1] ^J-C. Z 0X:-(^ 2 Oj^mV l^Mit 
X^tLo ^ti. 0. 1 mg/m 1 C7)^ ;^V^>lr5;^V^^S 
l^ar-^-if (4 5 0n Q(0^>y<^m 0. 1 

mM. Ca C 1 2:j3j:t;?l 0 // g/m 1 ;^77U^v>n. y :/ 

VATPT— i^RtSf^. 0. 4 5m 1 OAT FT— 

?^:7r— (0. 05mg/mi y>i^ib^;^w. 5 

OmM Tr i s -HC 1 (pH7. 5) . 0. 5 mM 

DTT. lOmM MgCU s 0. 5 mM EG 
TA. 85mMKCK *5j:U?lmM ATP [80— 20 
2 0 0MB q/mmo 1 ] ) (Img/m 1 cOF-T:^ 

mvfco Rft^m^m(D^s o i ^7T:vtcmm\z.w±m 

^ (1, 3% ^-V — 0. 12M NaHsP 
O4 ^XXJ^O. 3 3M iam^^) (C^JPb. MiSb 
/Co [y-'^P] ATP;^>^e>^S|bfc«^y 

T^^>\^. ^^^(D^i&m^^hmmi. (spudich, j. 

A., & Watt, S. X Biol. Chem. 246, 4866-4871(197 

D) . [y-''P] ATP(^T'^V-Y^a>5>^6>»Ab 30 

[0 1821 Rho^-^— if (CAT) (CJloTyv^ 
'ft:^tbfc:^;^V>'CDMg ATP a s emm^mMl.. ^ 

(132 1) e Ti^^l^{cM'r^M.mn(DKaittWJ> 

mt ^ :tiyt^<D^^f^m^tiv'eti. 0 . 5 6 ± 0 . 0 

5/zM*5J:r/0. 18±0. 0 2 s e c-'-CfeofCo 

f^. ^m<onmR h o ^'r—^<Di^t> (9 (;ir h o 

(CAT) ^:^mm^m^^tcm^\^. ^;rv^VOAT 
Pa s effi^4Sr^l!)^i-^<D^c^i5V^ig^O^::^i/^^;65/^^g 
-efc5;65. rcO||g^^#T-Cfl^^O*fSSRh 0=^-:^- 
"^^>^V^5t ^;:^-»'(OstoichiometricalJt y ^^S^'ft:;^*^ 

[01831 ^iS^J 1 0 h<DRh o^-r—-^ c D 

NACD:;^ 

t hJr^mRNA(CLONTECH %!:) 0. 5 ^ g ^&^Mt bTSupe 
rScriptTM Preamplif ication Systeiii(BRL %t) S:fflV^T 50 
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1st strand DNA?:-^^L/Co 01/204 Sr. PC 

R O^Mi: L-C;ffiV^. i^v-Rh o=^-:^— ^ cDNACD 

mmmm^ h tkC'^^x.tizf^ ^ '-^^ is-cAT m cat 

TTC TAG GAG ATG ATT ATT CTC TTG CTTTAA C-3, 5* -AA 
A AAG CAC TTC TTC AGC ACA AAA ATG CAG AAT ATC AGC 
G-3) -C. TAKARA LA PCR Kit Sr^oTPCR Sr^TV\ t 

hRho^-t— if cDNA<Dn^W\)i (ia?'JS-^4(C 
fE«O^SiB?yi 1 5 1-2 4 7 6) ^mco rcOcD 
NA»f>i-^:7^n-:/^ LT. t bF^i AgtlOcDNA^>r 
y— Sri. 0 X 1 0' y^^ — y — ^^-^bfco 

y — - J. Sambrook et. al. , MolecularClon 

ing: A Laboratory Manual: Cold Spring Habor Labora 
tory. Cold SpringHarbor, NY (1989) CD|B«{c2pi::.T^T 

o v-R h o ^^—^^m^^(ommMm t ^mi^tc 

%hkhtL2-o(D^ n — l^^ pl64-20 (gB>?iJ#^5 
C09 3 8-3 7 1 0#cD:^SiB^»J) *5 J; OJ C ~ 9 :ffiSiB 
m (iB?lJ#-^5C02898--4365#(D:^SiB?lJ) ) 1?. C* 
^SffiOi3IR^^*^2kbp§r:5S7^<-LTVN^ - ^;65^;6^o 

/Co 

[0 18 41 Sf^/jrV^N^ffiO^^lkbpSr^n-^V^Ti- 
^fci?>. ^^{ct bF^AgtlOcDNA^^:/^y-l. OX 

10' Sr. CI — ^pl64-20 §r — LT;^ :^ y — 
^V:/b/Co I>^o(D^n — N6;55|g^r:2 

K^-Sr^tpN^ffi^^lkbp (iBa?iJ#^5 f;i|B«0:^Sia^fJ 

1-9 2 9) Sr:^^^-bTV^5r ^:^5^;6^ofCo pl64-2 
0 tN6(DraSr;^7/^— c DNAKf^T-S-^t^fcJ^Cl. CL 
ONTECHthM Human Brain QUICK-CloneTM cDNAS^^Mt 
LT. y^y^r-^— 5-CCT TTG TCA TCT TCA ATGTCA TCG A 
AA TTG-3 h 5-CGT GTA TGA AGA TGG ATG AAA CAG GCA 
TGG-3 Sr^£V^TAKARA LA -PCR kit (^Jgigtt) '^M 
V^-CPCR Sr^TV^M^Ba?lJ 734-1145 (C^S^-r^c 
DNAKFf^tSritiUb^^Co 

[01851 thRho '^~r—'^w^^<Dmmmm^:^ 

•^^—t^ :l^^t> 4ocO:^ n — Stratagenett^OpBlu 
scriptll SK(-) (M. A. Alting-Mees and J. M. Short, 
Nucleic Acids Res., 17, 9494 (1989)) ^ifC^ n — ^^-fb 
bfCo :^Sg3?y^^oyhie). Pharmacia tt^double-st 
randed Nested Deletion KitSr^ffl LTdeletion mutan 
t SrftKb. ABI ^(D 377 DNAv-— ^ Sr^o T 

iB?iJ^gt^L;^Co r^. >Kfflbfct hF^ AgtlOcDNA^^f :/ 
^ y — tmONTECHtt J: *3 a A bfCo 

[01861 thRho ^^—^cmk(om.'mm^x,xj^ 

-^4tC|BffiLfcill9-CfeofCo t hRh o^^E^^^^oJi 
^^^'V/'^^St^. 1 3 8 8T^ y®!^^ib5i»9. 

*^J1 6 1 kDa-efco3to t hRh o =3r-:^— 

T^y^ga^ij (BB?ij#-t4) mmm^i) > 

^ixbROKa (Leung, T. et al. , J. Biol. Chem., 
270, 29051 -29054(1995)*{C|B«^;h.fc^?/ hRO 
KaCOT^ymmm. N7^ffiC08 4T^ y^Sr^V^-C 
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(EMBL Data Bank accession number U3848 

1) o SIT. yyhROKa<DT^ym.mmm-^n:i(D 

h o^-^-- ^ K;^>r V (iB?iJ#-^4<0 9 0- 

3 5 9#or^y^SB?ij) /^i/-</w-e. ^^v- 

R h o =3r-^— if 1 CD 9 0 — 3 5 9#OT 5 / 

^IB^IJ) t9 8%. ^?/hROKa (T ^ 7 ^IB^^lJ 8 8 
--3 5 7) ^ 9 7%0|^— 'ttSr^Uyho t h R h o 
— if(Dn-f /WKn-f 7W • Ky-O- (ia^lj#^4 04 3 8 

— 1 1 2 4Sor ^ /^B3M) y®?i/-</i-'-e. 

VR h o (iE?IJ#-^ 10438 — 1 1 24# 

OT^y^iB^fJ) ^9 7%. =7yVRO¥.a {T%Jm, 
mm 436-1122) t95 %CD|^— bfdo t 20 

#-^4 0 1 2 6 1 — 13 1 5#<DT^ y^lB^fJ) fi. T 
5 / ^ W-^/W-e, i> VR h o if (iB?iJ##- 1 O 1 

261 — 1315 #(Dr ^ / ^Sa^U) ^10 0%. y y 
hROKa (T^ y^ia^ljl 2 5 9 — 1 3 1 3) t98 

[0 18 7] t hRh 0=^-^— ifcDT^ y^IE^iJ 

(iB?lJ#^4) C0 6 6 9#-6 8 1#(C, ^^v-Rho^^r 
-^-if or ^ y g^IB^iJ (lE^iJS-^ 1) O 6 6 9 6 8 

i^tm-mmx-hK^ . mMmz (4) (^iie^oSir 30 
h.o^-r-^w.m^x.^xmm.^fi^T^ jmmm (k 

RQLQERFTDLEK) ;OS^ai^HfCo ^lO^l^J: 
t hRh o^-^—- ^t>^^-<>^^KCKRQLQE 
RFTDLEK^feii^t LT^tlK bfdfeiR h o if 

(IISS«^J3 (4) ) (cj:oTBfffi^^x5^^t;55W 
hf)^bfii<yft., tX_h<t>9. t hRh o=3r-t-— ^ti:. I^i-' 
Rh o^-^— ^Ot h • :;57^7 V^w^— hO>5^ V^^^J^W 

[0188] t: h R h o if or ^ / ^SB^iJ 

(^S) (iE?iJ#-^4) t h p 1 6 0^°^*^ (Is 40 
hizaki, T., et.al. EMBO J. , 15, 1885-1893 (1996) 
*) O^tt^ 6 7%0|^— |4^^bfCo thRho=^-^ 
-ifO:^-^— ^K^-f >- (SB?iJ#-^4 0 9 0-3 5 9# 

(Ishizaki, T. , et.al. EMBO J. , 15, 1885- 
1893 (1996) *) \:iWM(OT ^ J mW9\\ 7 4-3 4 3) 
^ t 9 2%^V^5^«V^^^-'f4S'^b/Co rortJ:^. 

t b R h o ^-r—^xt.^ t h p 1 6 0 ^°^*^oT>r y 
(01891 m^gm 1 1 ^y-- - y k - v-^^t^ 50 
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■^^^V^/cb bRh 0=^-:^— ^^fSaMRh oi^>y<^ 

T{C|B^O;^ffi(;it^oT. t hRh o^-^— ifcORh o 
^S-^^^St^bfCo \i hRho^~r-^<OT^/m^ 
-^9 4 3 — 1 0 6 8(C^BS-r6:SSiB?iJS:. rT^^^f-^— 
(5-TTG CGG CCG CTA AAG ATC ATG AAA GAG CTG GAG AT 
C-3' , 5* TAG CGQ CCG CAA CAT ATG TAGCTT TCT ATT CT 
C-3' ) ^;SV^TPCR -CitiUblTc^. p VP 1 ecONotI 
gi5fi:(C|fAb. Rh o^-^—- ^-VP 1 6 -^^^5^ 
:^9^m.m-<^ i^ — ^i¥mi^tc (Vojtek,A.B.et. al. C 
ell ,74,205 -214 (1993)) o LiClffidto, H. et. al. 
J. Bacterid., 153,163 -168 (1983)) {CXK). ^ti^ 
tLLexA- I^^MH -Ra sK^^ V/^^K. Le 
xA- m^^Rh om^i^:^''<^M. LexA-Stt 

mRhom-^^^y^i^^M. LexA- m±mu-Ra 
sm^^:^y<^^tRh o^-r—^-yp 1 e-m-^i^ 

>y<^n. LexA- m^mRh oM^^l^y^^Mt 
Rho^-r—'^-VP 1 e-m'^^>'^<^S. LexA 
-SttMRh oBl^^V^^^W^Rh o=^-^-if-VP 

1 (S. cerevisiae ) L4 0 

W (Mat a trpl leu2 his3 ade2 LYS2: : (LexAop)4-HIS3 

URA3:: (LexAop)8-LacZ ) -C^^^-^T. il^Jgi-tfe (Le 
u -,Trp-,His-,200mM 3AT) ±T*iS*b. t^^^v^V 
^^tt^I^-^fCo t(Om^. L e x A-ettMRh o » 
■^^^-^^^K^Rh o=^-t-— ^-VP 1 6 -^^^^/^^ 

t^^m^tc (13 2 3) o :i<D:it^^h. t hRh o^-r 
— ^o9 4 3 — 1 0 6 8#<oT5 y^ia?ut>b< f^^O 

gl5:$>gB?iJy5>^ Rh o^^«E-Cfc5r i::e>S5g^;6^t/^o 
[0 19 0] t hRh o ifORh o^^«^. 

^ (T^y^ia?iJ9 4 3-1 0 6 8) tyiyhRO 
Ka (r ^ y^iB^IJ9 4 1 -1 0 6 6) "ei^9 8%. t 
hRh 0=^-^— if^!?iXRh o=^-^-if (T^y^BB^lJ 
943 — 1068) xn 9 8 l^rS:^ i^tCo — 

t NRh 0=^-^— ^(DRh o^^^ (r^y^ia 

?|J 943-1068) ^ t h p 1 6 O^^^'^cOti^-r 
5^5^ (T^ y^ifl?iJ9 1 0-1 0 3 9) -et;i. 5 3% 

[01911 mmm i 2 Rh o:^-^— if (cat) k 

Rh o^l^y<^K^^^:tty>mm (MLC) (OV^mit 

^(^ J:<*P?>HTV^5 (Somlyo, A. P. & Somlyo, A, 
V. Nature 372, 231-236 (1994) ; Noda, M. et al. FE 
BS Lett. 367, 246-250 (1995) ; Hirata, K. et al. 
J. Biol. Chem. 267, 8719-8722 (1991) ;Gong, M. C. e 
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t al. Proc. Natl. Acad. Sci. USA 93, 1340-1345 (19 
96)*) o Rhoi^>y<^Wf>^Ca''^m^^<D/ii:m (G 
ong. M. C. et al. Proc. Natl. Acad. Sci. USA 93, 13 
40-1345 (1996)*) ^^51 1 ® ^ Jf^^bp^ 
*tS:ia^ (diffusible cof actor) ^^ii^^m-X^h^ (Gong, 
M. C. et al. Proc. Natl. Acad. Sci. USA 93, 1340- 
1345 (1996)*) o b;i^L;fe;^>5^. rix:^-^. Rho^ 

mW^:^^^:^^\^^^^^hoti (Gong, M. C. et al. 
Proc. Natl. Acad. Sci. USA 93, 1340-1345 (199 
6)*) o 

[0 19 21 ^^mmhn. mM<oRhom^^ 

^^/-^^K-Cfc^Rh o^-r—ifi^^Rh o^>'y<^m^X 
(MBS) t^V >m^.t$th^:zhl^^^^m^iv^^ 

Rh o^-^— ^';65Rh o ^ >^<^ m<oTm<om^^ 

[0 1 9 31 Rh o^'t—^:^^K Rho 

m\i^!$f,^mti:Rhom^^>'^<^wxh^:Lt^mm'r^ 

(1) Rh o^-^— ifl;ict6Triton X-mxfUmVfc^ 

(Rho=3r-^— if (CAT) ) (mMm?) <^Triton X 

(Triton X-lOO-permiabilized RPV) c^SfflJi&Wp^tC^* 

JiaKf^t-S^bfcRh o^-^-- if (CAT) {cJ:»9JkW 
^tuirl^B#{CTriton X-lOO-permiabilized R 
?Y^(D^::^->>^^<D~}) l^W-it (monophosphorylatio 

|IK6<]{;iif nco^^ (lOmM EGTAcO^WtffltC 
J: 5) (c:*5V^T^>^^^>e>^^fCo l¥*0^^Tia(;^IB«-r^o 

[0 19 41 0.5% Triton X-100Sr>^V^T3iMitt^^* b 
</L3ft^-^fc Triton X-lOO-permiabilized RPV-Cli. 

3lilT*#^o rcor t >^^lJfflbT. 0. 5% Triton X-100 

m (RPV) 0*pajiSHF^(C^?fE«J{CRh o =^-^-if (C 
AT) (5>^S«^8 0 kDa) ^^^Ab/Co =R^*6<)f;iH 
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[0 19 5] (2 --2. 5kg) (DpgjKq^j^jfiii^ 

^:^^:CD/J^>}- (iHSO — lOOAtm. ;g$0. 5~lm 
m) Sr«3*9ttib. ^/^It^;^ h ^ ^^^i^^-f— (^^ 
-<Tti:MUL-2GR) tCjft^b. /^T^/V • h 
(bubble plate) ±.(0^ :^MZ.m'^frL (Kobayashi, S. 
et al. J. Biol. Chem. 264, 17997-18004 (1989) ) o 
1 1 8mM K+(Cj:o-C*bfclR^>^lS^b;fe^. U 
*Sr5i6iS^*K4^-e^>=3r^^-hb. ^(D^O. 5%(7) 
Triton X-100"e2 O^K. 2 5 5 0 0 0 

10 I U/m 1 (7)a- h^i/V-ee 0-7 5^ra> 2 5t:T 

wmx^fco ±.m^m\^^fmm\t^^\z.^mz.^m^t\^x 

V^-S (Persechini, A. K. et al. J. Biol. Chem. 261, 
6293-6299 (1986)) o ;S7/W^v^^ U >- (0. 5 m M) 

>fb^&ti;feSjait7t51^^Ufflbfcll®^(::{^«byhS^£; 
^T«-r-<rtC^;t?Dbfco Rho=3r-^-if (CAT) f*^ 

[0 19 61^(0^;^. pCa6. 5 (112 4a*5J: 
tJ«g]24b) :JoJ:U^p C a << 8. 0 (El 2 4 c ) 
V^r. Rho=3r-^— if (CAT) bVMtXffi^^^ 

20 b^to ::;rte?coitzS5&fiRh o^-:^— ^Sriftr^i-^r 

X^^^\Z.^\Z.m^frL (E!2 4b) o ^fiP.S^tC. microc 
yst in-LR^ffl V ^r bT^CitXSgT^f^. i: o T ^ 

KMhf^t^otz (1112 4 b) o —ij. (intact) (D 

ikMU^^'^a-toxin^my^^xmm^'^^T^^^tL^mm. 

^X\'X^ Rho=3^-:^-if (CAT) \z. ^ ^\!^m\±m^ h 
^fj:-^>^tc iv^-^mm) o i^±(OmMX^. Triton X 

-mfi8tm{cxox±\:.fc:J^^fj::K^mM\^x^ Rho^ 

-^--if (CAT) ;05^vt®co^JiS«fc^?fc6tl(-^A$tt 
^tt^cJ;oTJfiLl^;05lRSIbfc^^^5^^^^/Co 
30 ^fc. ^A^tufeRh o=3r-^— (CAT) Of^ffl/JSpJ 

^Sii^bT^o*?. S^f*:^G^>'/^^«(C5tt^b/.e<^ 
JISKf^C a ^^S«fcftS;#b;^eVNt>co-cfc5r 

[0 19 71 (2) Rh o if (:^<i: ^Triton X-100 

(CAT) Triton X-lOO-permiabilized RPVc^lRSg 
(contractile apparatus) (DC a ^'^^^^^/h 
40 iti"^ (potentiates) f)^^ ^ f)>^mW'^^tcib{^. 

7. 5 nMcORh o^-^— (CAT) O^^ST-CO p 

ca tmt)<Dmm^-o\^^x^wi\^tc.o "tcD^M. ro^s 

SORho^*^— if (CAT) (i. pCa<<8T*f^il 
1t5i;^SJtS^»^b5^^V^;0?. P C a SritiP^-^^ ^l(5tSS 

^ (CAT) Mm{z.it-<xm:kmti&Jt^^^M 

(ANOVA^^ff-Cp<0. 0 5) (^lit^b/c (SI 2 5 
a. B%) o Ca^-^^gtt<^i«^t bT*:^36;^(0 5 
0 %^mm't^<0\Cii^^^fj: p C a {iSSr^-TE CeofilS: 
50 SI 2 5 a (C^bfcT^— ^S:. ^ 


57 

RJt^^W (pCa<8. (5 
0 0 nMcDokadaic acid<D#^ET*/cl* 7 . 5 nM(DR 
ho=^-^— if (CAT) <0#^ET^/cti^#^T(-:}3(t 

(CAT) (0^&T'^(OECsom<^fYm^ (0. 2 9 
9±0. 045a£M. n = 4) hMM<Di^ (0 . 3 76 
±0. 046. n = 4) trnMrn-^t^^^^ofcH)^. 1^*5 

PlS^Jt^fc^okadaic acid (OA) (Bialojan, C. et al. 
Nature 298, 81-95 (1988) ; Takai, A. et al. FEBS L 
ett. 217, 81-95 (1988)) ^^T^VCOm (0. 2 1 2± 
0. 013// M. n = 4) (^*ffi^JCjt-<TJ^tf6<}JC^ft 
^^m^hihfz.m2 5 a. m%. p<0. OS) o W 
±(D^^X^. Rho=^-f— if (CAT) f^^JISrtCa 

[0 19 8] C a^^~:iJ/U^i^^V l^-^y^^^l^mm 
^^r-^-if (MLCK) &m^lffLfc^:ti^>mm(OVl^ 

^ttd^l ^^V^r ^ ;ri/>'A T P T-if <OS14>fl::^{Si- 

mm, K. E. & Stull, J. T. Annu. Rev. Pharmacol. Tox 
ical. 25, 593-603 (1985) ; Hartshorne et al. in Ph 
ysiology of the gastrointestinal Tract (ed Johnso 
n, L. R. ) 423-482 (Raven Press, New York (1987) ; 
Sellers, J. R. & Adelstein, R. S. in The Enzyme Vo 
1. 18 (eds Boyer, P. & Erevs, E. G. ) 381-418 (Acade 
mic Press, San Diego, CA (1987)) o R h o if 

V >^-^:tiy>mm^'r—'^ (mlck) mm<om-^\c 

oV^T|i-<^7t^6^;l. ;*:5IB^#^fiRh o^-^-if (C 
AT) <Dcummulatiye^j:^'^KXoXMM^tl^^t)M 
^f;i*5{t^wortmannin (™) 0^;^{;ioV^T^f^ bf:: 

(EI 2 5 b) o ^o^*. ^mw}^j:c a'^mmx$>^ 

pCa6. 5K^\^^X\^mtlJ^^:^^Rh o^-r—^mA 

(D^—y^>T::^\k\c-^:7h\^tio pCa6. 5X<d^M 
tlt^Mm^^K. pCa<<8. 0(C*5V^TRh o^-^— 

(CAT) {z.xoxmm^titcmtim^n. io^m 

<Dm<DW^TXh^M\a^m^t\.^J:t^^fc (ANOVA 

[0 19 9] H^tC, WMHC a"-^^fe#6^MLCK<^Pl 
*-r^;li:;^»5^e>;J^rv^^ (Nakanishi, S. et al. J. 
Biol. Chem. 267, 2157-2163 (1992)) o '^ti. Rho 
^^—■^ (CAT) #^#?ET-epCa 6. 5tC:fett^C 

a ^■'{z.x^u^n 1 0 fiM(om!iDtmx^±\cm^^i^ 
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^oV^TR h o ^-r—^KXoXmm-^fh^ C a 

um\.x\'^^fi^hx\±fi\^hm^t^ti^o m%^^^mmw 

^^^^X&.AKDy'-^ ^n^ir^ Oa ^^^^^ 
Tt*R h o if J; oi:^^^;a^iR^fiC a 

(MLCK) 

10 (3) Rh o^-^—^{;ii: -5 Triton X-100T*^3gbfc 
[0 2 0 0] Rho=3r-^— if (CAT) t^m'^(D^:t-^ 

Kmi-^Rh o^-r—^ (CAT) co3a)*^-ov^-r. in. 
^:^i^:ymm^^v ^^-'r/i^mi^^m\^^xmt4\^tio m 
i$:ffo\z\t.rm(D^m\^^^oxmm^mm\.tco 

[0 2 0 1] 0. 2 5 5 t^M<DRh o^-r—-^ (CA 
T) 0 juM(7>wortmannin (WM) X^M 

20 l^ti^. Triton X-100(C J: or Sj^'ffi<^/L3l^ii::^c:7y 
>^Jm (fringe-like) CD ^>1^^P!MJfiL«^*^lrS3^(- 
l 0%TCA*5j:t;^l OmMDTT>^^tfT-fe h ^^CO^ 
Mb/cslurry4^{cSV^riRSISiJ;^f?Jl:^^/Co TCA 
^m^fc^. (2 0mM h 

y;:^. 2 2mM (pH8. 6) . 8M^*. 

1 0 mM D T T . 1 0%->bM. 0 . 1 %bromphenol 
blue) tfr^^v^cn-^^XLfcim^ :/y-fen— /W-^ 

Umini^^m^^ti^ J>^/-:f^ry'r>c>^^mmi.fc (Pe 
30 rsechini, A. K. et al. J. Biol. Chem. 261, 6293-62 
99 (1986)) o 

[0 2 0 2] ^<DMM. m2 6 a(DU—>l -SiCTjkL- 
fcJ;5t-. pCa<<8. OX\t. ^:ti^:^mm(0-V 
^^miM^Kh o^^—€ (CAT) #ftT (1—^2) 

Xhoti (I— ^^3) o —if. pCa6. 5 (W— >^4 
-6) X\^. Rho^-^— ^ (CAT) l^^:tZ^:^mm 

40 ^;^t^. ltX^SiS^(C:Jott^Rh o^■:^— ^ (CAT) <D 
3am^"ifi:b:fe (|gI2 6b) o «eoT. Rho^r-^-if 

(CAT) fi. *3^e>< C a 2-^-:Jt7/W^v^^ y :^-M 
LCK(c^^S;[¥6<3/j:SgS(-i;or^y^^:2i- h$tt^^ 

(4) Rh o if :d5Triton X-100t*AQ;3® Ufc 

[0 2 0 31 t^^X. Rh o^>'^'^^K(i. Ca'^ 
50 (diffusible cofactor) ^SAft-f-^ (Gong, M. C. et 
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al. Proc. Natl. Acad. Sci. USA 93, 1340-1345 (199 
6)*) o Wh. Triton X-100AO;S{c J: orSig'ffi;?>S/L3S 

i^^^^^^l[£m^4o*^s[a^-cfo5) ^^^^Jia^-ib^itbT (le 

ak) 1.^0 ti^\^. :z(DX ^ ^J^Triton X-m-C^tliiCm 
iattSTTtit^-frfcRPV (extensively Triton X-lOO-perm 
eabilized RPV) R h o f^lK^^*^5&#"e# 

V^ti^m^il^ (Gong, M. C. et al. Proc. Natl. Aca 

d. Sci. USA 93, 1340-1345 (1996)*) o 10 

[0 2 0 41 -^r-e. :^^mmmt. Rho^-r--^ 

^fc^{Z.^ extensively Triton X-lOO-permeabilized R 

[0 2 0 51 0. 5%OTriton X-100{C i oTSi^'ffi^^ 

^.?V^ (Ipib^«(intact);^C) ^^i^^P^JJ^ikW^Wtti^W 20 
m (50mM by^-HCl (pH7. 2) . 100 
mM NaCK 2mM EGTA. 1 mM EDT 

1 mM DTT^ 0. ImM p-amidinophenyl me 
thansulfonyl fluoride hydrochloride^ 10m g/m 
1 a>r-<:r^:/, ImM -O-'f^-Jl^) tfJ-C/i^^v? 
:n-^^XLfCo #'*?<7)J4db?K^lr4 3 0 0 0 r pmT*3 0 
4X:x-^»b^^mi.. ±m^SDS-PAGEtC;^^ 

J^y >^\^r:io 4 hmm^m 

(SB^IJ#-^ 1C0421'-'701 #CDT ^ y ^@B?0) i: 30 
GST^0O®^>5? V/^^J^W (Rho^-^— if (CO I 
L) ) ^HJg^iIl 3(cfE«(0;&fe(c2pc-C>f^S{b. -^ife 

(COIL) i7ii^^XU^2 0]^Da^:^i^>'mmt7ii^ 
(J. T. StullWdrJ;»9JiW^S(ti^c) ^^fflV^^^c:^ y 
:/n-/h^Wtl. iS5fe(C|B«fe<0^rfe (Harlow, E. & Lan 

e, D- Antibodies : A Laboratory Mannual. (Cold Spri 
ng Harbor Laboratory Press, Cold Spring Harbor, NY 

(1988)) {z.u^xmm\.fco ^^^ntc'^i^^<i^9\-± 40 

ECL (T-v-V-V-^tt) \cxox-^mti^. &&(Orc 

it> (Cdens i tometry (^1 t't I^o 

[0 2 0 61 ^(D^M. 1112 yic^LfcJ: :^^m 
extensively Triton X-lOO-permeabilized RPV 

Sr^tbbfCo EI2 7a (u— >^1. 2) (c^bfcJ:5 
extensively Triton X-lOO-permeabilized RPV"T?CD 

Kh o^'r—^(Dmn. mm (intact) <Dm^m(D^ri{z. 

i^t-<XM L < igE^i^ LT V ^fco rtbtc^ LTextensively 
Triton X-lOO-permeabilized RPV-CO ^ (U 50 
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-V3. 4) :}oJ:r;^^;^-'»a^ (u— 6) (D& 

2 7 b(i|gI2 7 a — ^ bfct:>0-T?fc 

«->^r<DffiH3[HlO|l®^;e)>bO^^{it±^2pfflM-e^ 
$^^TV^6o Triton x-100*0;S(;i 

xoXBt^^izmm^^/Lm^th^t. Rho^-r--^^ 

^t^m^W<^'^>^<^Myi>^^t>ivXV^o^*^. 

(CAT) Sr^J3S®F^{::^Ab/ct{tntf extensively Tr 
iton X-lOO-permeabilized RPV:65lt5^^b/^V^3®S^i. R 

^m^^^j:^WTXR h o ^(cJ:oTitZ^SJES;6S 

mm^^i^tco :^(o:itx^. :^mm^mn. Rho=^ 
i—if:^^^ Rh o^>^<i^w\^x^W'mmi^m^i^if^ 
c a ' ■'m^^<Dyhm {^m^ Tm(om^^ ^ nx^ 

Km}^xm^^j:^m^m:L-tt^^i.tio 
[0 2 0 71 mmm i 3 ^ vr h o =3r-^— ^^o^^^ 

Rho^-^— ^^(^. (CAT) . ::2^/UYr:=2^ 

/umm (COIL) . Rho^^mm (RB) ^XXJ^'::^ 
v-^^hy>-=^^^ni;?-ffi^ (PH) J:»9«^^;ft 
:*:5&ig#e>(i. -^tt^tb<D^«§r^tf4ocD^>t 
(1^12 8) ^GST-i4^>5^V^^:^^K^ LTf^MLfCo 
^T. Rho^fe^ffi^ (RB) {;it@S-r^Sff>^^#^fc 

ie>(c, mmm4\cmm(D:^mz.m\:^x. Rho^ar-^— if 

(iB^iJ#-f- 1(0941 — 1075 #cOT ^ y ^iB?U) ^ 
K-r5 c DNA^pGEX - 2 T<Z>B a mH IgPfi 

R h o =V-^— (iB?y#-^ lCO941'-'107 5#COr 

^yg^SB^ij) t Gs T t<Dm^^>'^<^n (Rho^-r 

-if (RB) ) ^Sff^KLfCo Rh o tRh o^-r—ifCD 

mmmi{cm^(o:^m^^i^t^x^ /^-w 

• r 5'ir^(;iJ;or;^^L/Co 0 , 2 5 ti gCOmmRh 
o^-^— if^yci(i2. 5 gORh 0=^-:^-— ^ (RB) 
(Sa?lJ#-^ 1(0941 — 107 5#(OT ^ y g&SB^U) ^ 
SDS-^y yv'i-T^ K • yyi-tt^^K (12%) 

y >';^:7r— Lfc^. P^S)GTPyS-GST-R 
h oA-Mtclt P'S] GTPvS-GST-RhoA 

GTPyS-GST-RhoAt^Rho if 
(RB) (m^m-^-KOS 4 1-10 7 sscor ^ y ^ 
nm) ) (C^-^bfcT^^, GTPy S • GST-Rh o A 
*""'(*^ti.(3:il<^^Lf:: (02 9) o 
Rh o A^''^^(iH-Ra s ^"'^(C=tSit6tl(- 
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fc5 (C. Nobes & A. Hall, Curr. Opin. Genet. Dev. 
4, 77 (1994). Y. Takai et al. , Trends. Biochem. Sc 
i. 20, 227 (1995) . T. Satoh et aL , J. Biol. Che 
m. 267, 24149(1992) . *3<]:OT. McCormick, Curr. Op 
in. Genet. Dev. 4. 71 (1994)) o 
[0 2 0 81 ^fc. ^-yRho^-r—^ <D::2^/uyr- 

(Sfl?y#-§- icD42i'-7oi m<DT x/m 
mm) ^frLYXKYio^-r-^ (ovnmML (ifl?y«^i 

cDNA>Sr, pGEX-2T<OB amH lg^>e(Cj^A 
^jTl^tLpGEX-GST-Rh o ^-t— ^ (C 
OIL) . pGEX-GST-Rh o=¥-^— if (P 

H) ^f^MuAco ^f\^h^xmm\^^^^^. mmrr^ 

Rho^-:^— ^ (COIL) *5J:t;^Rh 
o^-r-^ (PH) SrlSMbfCo 

[0 2 0 9] HiS^JTtClBttLfc^tC, Rho^ 

^^fP^a tf C - 7^ffico^:«^^^$p-r ^ X. »^ R h 

o^-r—^commmm (cat) (iB^us^icoe — 5 
5 3#cDr ^ y^ga^ij) ) hGST t<Dm^^i^^<'^9. 

(Rho^-;^— ^ (CAT) ^^tML. iWKbfc (EI 2 
8) o Rho=^-t— ^ (IH^iJS^ 1 6 - 
5 5 3#cor ^ yg^ia^U) Ki-^ cDNA^P a 

c YMl -GST<DB a mH I?H5iS:(^}*Ab. pAcY 
Ml -GST-Rh o=^-^-if (CAT) {Sa?y#-^ 1 
COe — S 5 3#(7)T^ y ^gB?lJ) ^>ftMLfCo Rho^ 
^ (CAT) (ia^!j#-^lc7)6'-5 5 3S(^r ^ / 
^ia?0) z-^^^rL P r^^/V;?^^ (Y. Matsuura et a 
L, J. Gen. Virol. , 68, 1233(1987 ) ) ^^ffi^^LTf^]^ 
L. :?^/W:57^;e->'-fe:7r ;^:^7^.A(cj:o-cs f 9^ 

(@H^IJ#^ 1 CO 6 5 5 3 #cOT ^ y ^MB^U) O A T P 
M^mi^«j*-r5i 2 l#@(Oy i^^Sr1tffi(-«eor 
WtC«^Lyei^S#^ (Rho^-^-if (CAT- 
KD) Rho^-^— if (CAT) k^m<D:^m\Z.^^ 
oX^<^=^X2^^ ^/l^W^^S f 9«BJiS(;i^^^-&. ifflK 
L/d (0 2 8) o ^^^^v-Rh o=ar*^— tff^. m 

[0 2 10] JS^tc, :ittib<oa^;tM*5j:i;?^^Rh o 
^r-^-^fco^-:^— ^ (MLC) =^ 

jc£;(i5 0// 1 COS/SS-a^lK (4 OmM T r i s/HC 
1 (pH7. 5) , 2mMEDTA, 1 mM DTT, 
6. 5mM MgClz, 0. 1% CHAPS, 0. 
lyM calyclin A, lOO^M [7-" 
P] ATP [0. 5-20 GBq/mol] , 4. u z 
<0^:^i^>mm^^U2 0 n g (Z)^^R h o =¥';^— 
/c(^8 n gCORh o^-^— if (CAT) ^fcf^Rho^ 
^ (CAT-KD) 1. S^iM GTPyS 
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• GST-Rh o A#ftT*:fcft^#«ET-eSIJ£L/cW 
^It. ll5S^^J7{ClE«co::^i£{C?So-C|ligLyto 

[0211] ^(o^m. mmm 7 ^ l^^co^m;^^5^^^^ 

/Co X^'?i/Rh o^-^-iff^GTP V S • GST-R 

ib^^ GST-Rh o^-^— if (CAT) f^GTPy S • 
G S T - R h o AcO#^E^cSlla#JC:^':^— ^ei*^^ L 
/c (El 30) c GTPyS-GST-Rh o A(D#^ET 
tC:}o{t^^^R h o J;I^GT P 7 S -GST 

10 -Rh o Aco##;aET(-*3Jt^Rh o^-^— if (CA 
T) (0^'=^^m^. -^tU^tt. 0. 32±0. 0 2/s 
ec^XUQ. 71±0. 0 2/s e c-Cfcoyto ^tb 
flRh o=3r•:^— if (CAT) ;!)5«^^K3^Cfgtt^l:$tl.TV^ 

^::iS^^LTv^6o ATPM-^gp^^tc^^^^ 

i-^Rh o^-:^-^ffl^^Kffi^ (Rho^r-^— if (CAT 

-KD) ) \z.\^^'r-'^m^-t)m^hfhf^f)^oti {y^— 
[0 2 12] Rho^-^— (RB) -mm^^^m^. 

GTPyS - GST-Rh o At;iJ: o T/Lil ^Hfc^^ 

20 R h o ^^—-^(ommt^umi^tL^)^. ^M^R h o ^ 

^-"^ (CAT) C0:^r-^— ^^f^'ffi(C:^^^-^x/^V^r 
Sr^W b/d (031) o R h o ^ (R B) (D I C 

sot^O. 7MMT*feo/Co — Rho=af'^— if (C 
AT-KD) . Kh. o^^—^KmW^^^^^fi^-^f:. 
(X-^^^18&) o 

[02131 mmm l 4 ;^^»p;^^y >-tcJ:^Rh 

Rh oKX,oXmM^f\^^:^ V 1^:^^ r ^ ^^—(Ommt. 

> (staurosporin) (D X, 0 ^'^^^ W 

V^^ (C. D. Nobes & A. Hall, Cell 81, 53 (1995) 

) o ^^ax^Ky ^tiffi»«fe#6t)t;iRh o^r-^— if 
(CAT) (O^-^-iffgttSrPlSbfc ([33 1) o 
57Py^.7}^ y I Ceot^ 4 nMT^feofco 

^-y^^K^-^-if Ct:ioV^TlB«$;rL7tffi (T. Tamaoki 
et al. , Biochem. Biophys. Res. Commum. 135, 397 
(1986) ) \Z.mUir^o Rho^-^— if (CAT) (0\X 
GTPy S • GST-Rh oA-CfiMbfc^^ 

Rh o=3r^—^' Steffi b/c»^-et. ^«W{Cf^1t^^«£ 

40 ^m^hivti mzi) o 

[02141 mmm i 5 m^<D:^ h\^^^r-(^<—j^ 

S w i s s 3 T 3^J!a{C:j3tt^^ b :7 r^T 

\z.mtirRh. o^-r—"^ (CAT) ^^xy^Rh. o^-r— 

if (CAT-KD) (D^m^^m\^fz.o Swi s s 3 
T3*fOJiS(^, 1 oroC^^^^^v-l&J^jfiLm^^JPb^rcDulbecco 
' s^^Eagle' sigife (DMEM) ipT*i^^b/Co 
S'-l 0 X 1 0^mm(O^mXl 2mmCD^y;^ • :^^< 
50 -;^y :y:7^±(c»ffib/co 4 0rao^«m. JfiLff^-^^ 
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;*7-i$'>^/^^« (Img/m 1 gG) tth 

h bfCo ia^(-IStt<D;&ft (Ridley, A. &Hal 
1, A. , Cell 70, 389 (1992) ; Ridley, A. & Hall, A. , 
EMBO J., 13, 2600(1994) ) (CfigoT. m^P^(OT ^ 
TR I TC@ft{t::7r n^v^j^ (phalloldin) 

[0 2 15] ^co^m. iMi^fclBtt^nrv^^J: 5(c 
(A, J. Ridley and A. Hall, Cell 70. 389 (1992) , 
^XXfk, J. Ridley & A. Hall, EMBO J. 13, 2600 (19 
94) ) . =1 bik^taS^S w i s s 3T3^^ 

X K i/.x :7 r --r ^<—\±.:7 r n ^ -Ji^iz. x. Y> "^mt $ ti^fc 
(E!3 2 a) o iS5fe(C|E«^ixfc:*r& (A. J. Ridley & 
A. Hall, Cell 70, 389(1992) , ^Xrik. J. Ridley 
& A. Hall, EMBO J. 13, 2600 (1994) ) (C^^oT^JiS 
SrLPA (2 0 0ng/inl) T*$iJg6:L.:fc t # . ^ffbV^ 

tiiPLfc (EI3 2B) o Rho=¥-^— ^ (CAT) 

(0. 5mg/ml) (0-^4 ^ ly-J'=r,^lyB>\t^ 
^/c. :^Yy^:^yr^^<—<oW^^^Wm\^t:L (13 3 2 
E) o Rho=¥':^— ^ (CAT-KD) \:^\t:Z(Dm^^Vf 
m\^m^hiv^^'f)^ot:.<, aA^ttfcRh o^-:^— ^ (C 
AT) |:ib«b(^. mf^(O^^UK^^^X:^Vi^:^:^r 

^^§l#®rbfc (gI32E. 1132F) o r<^J:5^cC 
>'n:/1II (hub-like) T ^ ^ ^ ^ :y h^ib^^^-t 

^ (CAT) {zX^mm^i^^tc:^h^^:^':7r'<'^<-'(om 

[02161— ADP y ^Jfv'/Wk-r^r ^(CJ;oT 
Rh oSrP£»i-5^'^>y>^;^iS<^llft=:^^lgC3 h^V 
;^:7ri^^— if (C3) (K. Aktories et al. , ibid. 15 
8, 209 (1989) . Sekine et al. , J. BioL C 

hem. 264, 8602 (1989) ) (SOA^g/ml) Sr^JtStC 

tlX\^^X^{Z. (H. F. Paterson et al. , J. Cell Bio 
1. Ill, 1001 (1990)) . mm\'^3 0^&.\^{^%<tj:o 

m^th^:^hu^yT^^'^-<Dm}^^fm\^rc (032 

C) ^^^^^R h o =^-^— ^ (CAT) \cx^m^^ 
^fc:^ h 1^:^:7 r-f^<—(om^mK^\^^£^^ofc (EI3 
2F) o C3^Rho:^^— ^ (CAT) t^ttclnl^ 
aA (coinjection ) T^t^ m^^^%< ^J:^<D:d^^± 
^ttfc (7^— ^^I8&) o 5 0 nM<0;^^t3T>x;J^y >-# 
ftT-CL P At?$iJ^$tbfcS^Jia-C(*. 5 
(Nobes,C. &Hall,A.Cell 81, 53(1995)*3 ctmiidle 
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y,P.et al.,Mol- Cell, Biol. 15, 1110(1995)) ^MWil^EE 
fl^ttfc (rondomly arraneged) T:?^ ^>':7 ^ ^ ;>« >- h 
f>^±Zfc (E13 2D) o \^f)^V^J:7^>^h. 

i^^^Tkz.Rho^-r-if (CAT) ^t^A^tifcmm 

X\^:^ h\^:^yT^^<—\^±\:^^j:t^ot:. (133 20) o 

[0217] ^mm 1 6 mm<o:7:i~^jummiiZ.R}^ 
j-R h o ^'r—^iK^mmi^<o-^^ ^ p >r vv^^ ^ 3 

Swi s s 3T3^Jia^C*5^t5:7;^-;;^7/^^^?g^^C 
10 S.(^-rRh o^-^— (CAT) ^XXIRh o^-r-^^ 

(CAT-KD) (Di^m^^mLtco mm<Dmm. lp 

fCo ^fJia^fe(-oV^T^-i. igi*{;i|B«0:&& (Ridley, 
A. & Hall, A., Cell 70, 389 (1992); Ridley, A. & H 
all. A., EMBO J., 13, 2600 (1994) ) (^l^^^oT. Mm 
rtcOlf^^^y^^ (vinculin) ^in^^" i^ V >tni^{^ X 
oTpTW-fLbfCo ^t^. }:fy^-^>-J^ K (bis-benzim 
ide) KXoX-^^^tl.tCo 

20 [0218] ^<D^m. m&^mm^tix\^^^x 5 

(A. J. Ridley & A. Hall, Cell 70, 389 (1992) . *5 
J:m. J. Ridley & A. Hall, EMBO J. 13, 2600 (199 
4) ) , r3>^:7/winv hjkffiaS^S w i s s 3T3*0 

(0'7:t—:^/i^mm^mm^i^hrc (E13 3A) o ^^^l 

FAxmMi^f^t^^ m^{^m^$titcx^K (a. j. 

Ridley & A. Hall, Cell 70, 389 (1992) . :^XXJ^k, 
J. Ridley & A. Hall, EMBO J. 13, 2600 (1994) ) . 

30 (Om^i^Ml^tc mSSB) o Rho^^—^ (CA 
T) c^-r^^a-f :xi^^:^i>'3 ^^{i:7;*-— ;«7/V^*C0^ 

)S.^mmLtc (1^3 3 E) o ^^m^hi-i.. zia^fes* 

^^m^J:^. f^A^tifcRh o^-r—^ (CAT) \c 

^m{^m^^ti^:it^mm\.fc (03 3h) , c3<d 
:7^-^ju^m(om^^mmL.tc (13330 -^^^ 

(:iRho^-^-if (CAT) {z.X^xmm^t\^fc'7 :t- 
:^/l^mm(DJ^^^mml^^J:'^^^tc (123 3F. E!3 1 
40 G) o 

[0219] >^^l>n;^>}^y^/ (50nM) fiLPA:j3 

xx/Rh o^-r—-^ (CAT) {cxoxmm^i^hfcy:^ 
3 3g) o m^mzismti.tcPKNmmnm'^fc\^M 

B SoaAt-<tor(i. :^h\^:^':^r-(^'^—(om^hy^ 

m) o :Lflh<Ol^A\'^^fz,s Rho^r-^—^ (CAT) 
tc J: o xmM $ titi :^V\y:^yr^ XTly 

50 m) o 
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[0 2 2 0] mmm i ? Rh o^^—^ (rb) . 

Rho=^-^— ^ (PH) . Rho:^'^— ^ (CAT-K 
D) o-^>r ^ p-^ :xv^3i^i/g vtcj:^;:^. hi^;^:7y^ 

yr4 /^-^ X.xJ^y:^ —ti 5 R h o ^ 

if (RB) . Rho:^':^— if (PH) . R h o 
— ^ (CAT-KD) :j3J:t/Rh o ^ (CO I 

Rho=^-^-if (RB) ^fcf^R h o =3f-^— if (P 10 
H) <oaA{cJ:«9. LPAt-JzoTfl^^tb^:^ hi/ 

>^:7r-r^^— (ig3 4c. D) ^x.xy^^ir—io>v^m 

(gI3 4G. H) (OW^mmm^^fz.. Rho^-^-if 
(CAT-KD) ^aA^nfc^JIScO#^j3 0%(i. LP 

A#ffiT^-*5V^T;^ M/;^:7r-f (El 3 4 A) *5J: 
t;?:7:^-5S77W:K* (EI3 4E) ^JI?fi£U/^;&^ofcio Rh 
o^-^— (COIL) fi^<^;l;;65;^£;i^o;rc (El 3 4 
B. F) o Rho=3e-^— if (CAT-KD) . Rho^ 
-r—^ (COIL) , Rho^^e-^— if (RB) fc^V^{^ 
Rho^-^—- ^ (PH) (^V^-rttt. Rho=¥-^— ^ 20 

(CAT) \z.^^xm^^^^^V\^^^r^^^—^^ 

19. Rho=^-^— ^ (CAT-KD) . R h o 

if (RB) fe5V^^i:Rh o=^•:^-if (PH) 

Rh o^^r-^—- ^^<^^tg>lrPl«-t~5^5^ ^^ttdiaSat;!^ 

A^ttfcRh o=^-^-if (CAT) cD^tM^*[^aSb/J:v^ 

[0 2 2 11 1 8 R h o 

^ n - K-r ^ c D N ACO^AtC <fc ^IffljiaJl^ftgcO^^fb 
:^'Y:^3T3^^Jiaf^:/^:^^ Y (0^mmmn^<r>'&K\U^ 30 
3gL-CV^/^V^co-e. ;jjs:5l0J#e>(^MDCKM(-®'^^O 
Rh o^-r--'^X9^^WkW^^-'Y'^^ c DNA>lr-^^ 

Rho:^-^— if (CAT) . Rho^-^— if (CAT 
-KD) . Rho^-t-— ^ (COIL) . Rho:^-^ 
—if (RB) . Rho=3r-^-if (PH) ^^^^t^fc^ 
<DpEF-BOS-my ^^W^Wm^^'y KSrf^M 
Lfco MDCK^JiSf^l 0%<D4^l&J^ifiL?S^^*PL:^cS 
^i^^^^i^^feT^igftL^Co 2X1 0^(r>m.&<r>mi^^ 12 40 
mmO:^/^^ • io^^—:^ y ^jy^^COJidv— KLT 1 0J§ 
«b^cio W-^O^^y;^^ :y K^lr|BigO:*rfe (A. Ridley 
et aL Cell 70, 401 (1992)) ^ ^ ^ 

^m^3 7X:x-3mmi^mvfco r^^^-ti. Ridiey, 

A. & Hall, A. Cell 70, 389 (1992)43<tT7Ridley, A. 
& Hall, A. EMBO J. 13, 2600 (1994)) (c|B® 
t^oT. TR I TC-C^-</WL/c::;^T i^f-^i^i^-e^feL 

[0 2 2 2] ^-r. m^mcmi^it^^ntcRh ommi^ 50 
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(Rho^-'^'*) ^=1— Ki-5cDNA^MDCK 

tt$ttf-<t5(- (Nobes, C. & Hall, A. Cell 81, 53 
(1995)*3J:U^idley, A. et aL MoL Cell. BioL 15, 
1110 (1995)) . ;^ M/;^:7r-f ^o?^^ (1113 5 

A) ^xxj^:7:t—:fyji^mm (y'-^^m) ^mm^ti 

fco :^ h u:^:7r-f *5i:u?:7;<r— ;(7/i'^«fi. Rh 
o^ar-^-if (CAT) Sr=^-K-r^ cDNA^^SftA^^X 
fzm^ (E13 5B) {^i^^^XM^^rctCo Rho^^-^— 
(CAT-KD) . ^^6<3{Cffittjt;$tvfcPKN^fc 

[0 2 2 3] Rho^-^—- (CAT-KD) . Rho 
(RB) i^t:L\t.Kh o^-r—^ (PH) ^=3 — 
Vir^ c DNA^Rh o^''^^^ ^ 
^v-a >'L/ci:r>?>. R h o ' ^^Jc J: oTM^ 
$i%fc>^h\^:^:7r^^<-' (03 5C. D. E) ^Xlf^ 

ho=^■:^-if (CAT-KD) (0^^:^:. R h o ^^r^— 
^ (RB) ^fct^Rh 0=^-^-— if (PH) CD^*(;iJt-< 
X^^>ofCo Rho^-:^— if (COIL) 

[0 2 2 4] mmm 15-18 Kmmi^tcx 0 

9^#e>llRh o^-t-— (CAT) oaA(-i:l9xM/ 

^L-CRho^-t-— ^ (CAT-KD) . Rho 
^-r—^ (RB) ^tL\±R\).o^'r—^ (PH) (Cj:o 
TLPA^;^c(:iRh o^'''M:i^^$tt5:^ b l^^^ 

^^^bfdo rtte>0*^i;t9. ^Jiaf^tc#ft^ii:/cR 
ho^-^— (CAT) (iK^-^Vh • T^^^T'ft:^ 
LT##. S^J3af^t:i#^E$'^/cRh o^^-^-if (CAT 
-KD) . Rho=^■:^— if (RB) *5 J;I5R h o ^^-t"— 
if (PH) t^K^-^^ h • ^:^y^^^i^t bT#< 

[0 2 2 51 Rho=^-^— if (CAT-KD) (i. 

-ifcO:^-:^-if?S'l4(;iJ^^^S:J^$/£^-ofc (llJS^y 1 

J: 5 ^ft /^^^ ft& CO - if tc o V ^ T IS® $ i^T V ^ 6 ib 
Xh^ (Kolch, W. et aL, Nature 349, 426 (199 
D) o wOr^;0^<b. Rho^-^-if (CAT-K 

D) \^mm\^xRh o^'r—^(omm^mm\^ti (mm 

^JlT — lS) (Ct>;5:^;6^*pe>-r. >'t'' h^:I^C:^oV^TR 

(^iS^Jl3) (D\t.. fflV^fcRh o^-^-if (CAT- 
KD) <Dm&^^^:^^oti:^^hXh^ t^K.hro^o 

[0 2 2 6] PHmmn. :iti^^t^^>^<i^M 

^^^(omm\^mm\cm^^'^^ (localize) t^K.^ 
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thX\^^^<D^. Rho=^r^— ^ (PH) tl^JSSf^-eRh 
o^^-'^<omWti:m^ (localization) ^mmi~^t 

mum^^^-r^iz.h^^t^^hT. Kho^-f—^ (c 
AT) \^uTycKmm{z.:^\^^xm^Kmm^^^htc 

[0 2 2 7] i:r^-C. Rho^-r—^ (RB) (1. R 

irui^MVX. Rho^-^— ^ (CAT-KD) 43j:O^R 
ho^-^-if (PH) t^. J;>}Rho^-:^-if(C#^«j 
7&-r }i^^ — t LTfl!l< pTtgl^^^^fc^o 
[0 2 2 8] V^-ftt(;lLTt). X>r:^3T3^Jia^MD 
CK^Jia^C:fi5V^T. Rh o^-^—- ^(^Rh o(OT«ft-e, 

-r^r^. :j3i:U?Rh 0=^-^— if (CAT-KD) . R 
ho=^:^— ^ (RB) *5J:I/Rh o (PH) 

V^^ (J. Kolega et al. , Bioimaging 1, 136 (1993). 
^oi;tj^K. A. Giuliano & D. L. Taylor, Curr. Opin. Ce 
11 Biol. 7, 4 (1995) ) o R h o ^ (M 
LC) •^XX^^:^^^>^'^^'^^=-iy h (MBS) 


68 


'^l^bX:t-^ly<DW^:^^U^^flh(0\!^m^ (contract 

ility ) <Dfz.m^^si>^mxh^ {mMm^^xrimmmi 

2) o ;^^%M^-*5V^TaA^^^:^cRh o 
(CAT) \Z.XK^mM'^fh^T^^>^^y^>'V\z.^ 

mm o :i*x?><o«^fi. Rh ofcJ;oTfiJ^^ix^T 
^^^^^ h u:;^:7 r ^"^—^X^^ 

10 :7;^^~;<7/vg!«<^?g^^S^^til-r^i:v^5^^ (M. Chrza 
nowska-Wodnicka & K. Burridge, J. Cell Biol. 133, 
1403-1415 (1996)*) ^ J: < — ifi:-r5o 

[0 2 3 0] RYio^-r—'^n.y^—t^^vmmu^^m 

mt^m^(r>^:y^<^V. (tf>:^^y>. FAK. 

(assembly) ^f^it-T-S r ^ dJ: I? . 'y:t—:^/Ummm 

[0 2 3 1] 

20 la^fJS^ : 1 

la^iJOS^ : 1 3 8 8 

mm ' 


Met Ser Arg Pro Pro Pro Thr Gly Lys Met Pro Gly Ala Pro Glu Ala 

15 10 15 

Val Ser Gly Asp Gly Ala Gly Ala Ser Arg Gin Arg Lys Leu Glu Ala 

20 25 30 

Leu He Arg Asp Pro Arg Ser Pro He Asn Val Glu Ser Leu Leu Asp 

35 40 45 

Gly Leu Asn Pro Leu Val Leu Asp Leu Asp Phe Pro Ala Leu Arg Lys 

50 55 60 

Asn Lys Asn He Asp Asn Phe Leu Asn Arg Tyr Glu Lys He Val Lys 
65 70 75 80 

Lys He Arg Gly Leu Gin Met Lys Ala Glu Asp Tyr Asp Val Val Lys 

85 90 95 

Val He Gly Arg Gly Ala Phe Gly Glu Val Gin Leu Val Arg His Lys 

100 105 110 

Ala Ser Gin Lys Val Tyr Ala Met Lys Leu Leu Ser Lys Phe Glu Met 

115 120 125 

He Lys Arg Ser Asp Ser Ala Phe Phe Trp Glu Glu Arg Asp He Met 

130 135 140 

Ala Phe Ala Asn Ser Pro Trp Val Val Gin Leu Phe Cys Ala Phe Gin 
145 150 155 160 

Asp Asp Lys Tyr Leu Tyr Met Val iE£fc Glu Tyr Met Pro Gly Gly Asp 
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69 


70 


165 


170 


175 


Leu Val Asn Leu Met Ser Asn Tyr Asp Val Pro Glu Lys Trp Ala Lys 

180 185 190 

Phe Tyr Thr Ala Glu Val Val Leu Ala Leu Asp Ala He His Ser Met 

195 200 205 

Gly Leu He His Arg Asp Val Lys Pro Asp Asn Met Leu Leu Asp Lys 

210 215 220 

His Gly His Leu Lys Leu Ala Asp Phe Gly Thr Cys Met Lys Met Asp 
225 230 235 240 

Glu Thr Gly Met Val His Cys Asp Thr Ala Val Gly Thr Pro Asp Tyr 

245 250 255 

He Ser Pro Glu Val Leu Lys Ser Gin Gly Gly Asp Gly Tyr Tyr Gly 

260 265 270 

Arg Glu Cys Asp Trp Trp Ser Val Gly Val Phe Leu Phe Glu Met Leu 

275 280 285 

Val Gly Asp Thr Pro Phe Tyr Ala Asp Ser Leu Val Gly Thr Tyr Ser 

290 295 300 

Lys He Met Asp His Lys Asn Ser Leu Cys Phe Pro Glu Asp Ala Glu 
305 310 315 320 

He Ser Lys His Ala Lys Asn Leu He Cys Ala Phe Leu Thr Asp Arg 

325 330 335 

Glu Val Arg Leu Gly Arg Asn Gly Val Glu Glu He Lys Gin His Pro 

340 345 350 

Phe Phe Lys Asn Asp Gin Trp Asn Trp Asp Asn He Arg Glu Thr Ala 

355 360 365 

Ala Pro Val Val Pro Glu Leu Ser Ser Asp He Asp Ser Ser Asn Phe 

370 375 380 

Asp Asp He Glu Asp Asp Lys Gly Asp Val Glu Thr Phe Pro He Pro 
385 390 395 400 

Lys Ala Phe Val Gly Asn Gin Leu Pro Phe He Gly Phe Thr Tyr Tyr 

405 410 415 

Arg Glu Asn Leu Leu Leu Ser Asp Ser Pro Ser Cys Lys Glu Asn Asp 

420 425 430 

Ser He Gin Ser Arg Lys Asn Glu Glu Ser Gin Glu He Gin Lys Lys 

435 440 445 

Leu Tyr Thr Leu Glu Glu His Leu Ser Thr Glu He Gin Ala Lys Glu 

450 455 460 

Glu Leu Glu Gin Lys Cys Lys Ser Val Asn Thr Arg Leu Glu Lys Val 
465 470 475 480 

Ala Lys Glu Leu Glu Glu Glu He Thr Leu Arg Lys Asn Val Glu Ser 

485 490 495 

Thr Leu Arg Gin Leu Glu Arg Glu Lys Ala Leu Leu Gin His Lys Asn 

500 505 510 

Ala Glu Tyr Gin Arg Lys Ala Asp His Glu Ala Asp Lys Lys Arg Asn 

515 520 525 

Leu Glu Asn Asp Val Asn Ser Leu Lys Asp Gin Leu Glu Asp Leu Lys 

530 535 540 

Lys Arg Asn Gin Asn Ser Gin He Ser Thr Glu Lys Val Asn Gin Leu 
545 550 555 560 

Gin Arg Gin Leu Asp Glu Thr Asn Mfe Leu Leu Arg Thr Glu Ser Asp 
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71 


72 


565 


570 


575 


Thr Ala Ala Arg Leu Arg Lys Thr Gin Ala Glu Ser Ser Lys Gin He 

580 585 590 

Gin Gin Leu Glu Ser Asn Asn Arg Asp Leu Gin Asp Lys Asn Cys Leu 

595 600 605 

Leu Glu Thr Ala Lys Leu Lys Leu Glu Lys Glu Phe He Asn Leu Gin 

610 615 620 

Ser Val Leu Glu Ser Glu Arg Arg Asp Arg Thr His Gly Ser Glu He 
625 630 635 640 

He Asn Asp Leu Gin Gly Arg He Ser Gly Leu Glu Glu Asp Val Lys 

645 650 655 

Asn Gly Lys He Leu Leu Ala Lys Val Glu Leu Glu Lys Arg Gin Leu 

660 665 670 

Gin Glu Arg Phe Thr Asp Leu Glu Lys Glu Lys Asn Asn Met Glu He 

675 680 685 

Asp Met Thr Tyr Gin Leu Lys Val Tie Gin Gin Ser Leu Glu Gin Glu 

690 695 700 

Glu Thr Glu His Lys Ala Thr Lys Ala Arg Leu Ala Asp Lys Asn Lys 
705 710 715 720 

He Tyr Glu Ser He Glu Glu Ala Lys Ser Glu Ala Met Lys Glu Met 

725 730 735 

Glu Lys Lys Leu Ser Glu Glu Arg Thr Leu Lys Gin Lys Val Glu Asn 

740 745 750 

Leu Leu Leu Glu Ala Glu Lys Arg Cys Ser He Leu Asp Cys Asp Leu 

755 760 765 

Lys Gin Ser Gin Gin Lys He Asn Glu Leu Leu Lys Gin Lys Asp Val 

770 775 780 

Leu Asn Glu Asp Val Arg Asn Leu Thr Leu Lys He Glu Gin Glu Thr 
785 790 795 800 

Gin Lys Arg Cys Leu Thr Gin Asn Asp Leu Lys Met Gin Thr Gin Gin 

805 810 815 

Val Asn Thr Leu Lys Met Ser Glu Lys Gin Leu Lys Gin Glu Asn Asn 

820 825 830 

His Leu Leu Glu Met Lys Met Ser Leu Glu Lys Gin Asn Ala Glu Leu 

835 840 845 

Arg Lys Glu Arg Gin Asp Ala Asp Gly Gin Met Lys Glu Leu Gin Asp 

850 855 860 

Gin Leu Glu Ala Glu Gin Tyr Phe Ser Thr Leu Tyr Lys Thr Gin Val 
865 870 875 880 

Arg Glu Leu Lys Glu Glu Cys Glu Glu Lys Thr Lys Leu Cys Lys Glu 

885 890 895 

Leu Gin Gin Lys Lys Gin Glu Leu Gin Asp Glu Arg Asp Ser Leu Ala 

900 905 910 

Ala Gin Leu Glu He Thr Leu Thr Lys Ala Asp Ser Glu Gin Leu Ala 

915 920 925 

Arg Ser He Ala Glu Glu Gin Tyr Ser Asp Leu Glu Lys Glu Lys He 

930 935 940 

Met Lys Glu Leu Glu He Lys Glu Met Met Ala Arg His Lys Gin Glu 
945 950 955 960 

Leu Thr Glu Lys Asp Ala Thr He /Hfe Ser Leu Glu Glu Thr Asn Arg 


(38) 

73 74 
965 970 975 

Thr Leu Thr Ser Asp Val Ala Asn Leu Ala Asn Glu Lys Glu Glu Leu 

980 985 990 

Asn Asn Lys Leu Lys Glu Ala Gin Glu Gin Leu Ser Arg Leu Lys Asp 

995 1000 1005 

Glu Glu He Ser Ala Ala Ala He Lys Ala Gin Phe Glu Lys Gin Leu 

1010 1015 1020 

Leu Thr Glu Arg Thr Leu Lys Thr Gin Ala Val Asn Lys Leu Ala Glu 
1025 1030 1035 1040 

He Met Asn Arg Lys Glu Pro Val Lys Arg Gly Asn Asp Thr Asp Val 

1045 1050 1055 

Arg Arg Lys Glu Lys Glu Asn Arg Lys Leu His Met Glu Leu Lys Ser 

1060 1065 1070 

Glu Arg Glu Lys Leu Thr Gin Gin Met He Lys Tyr Gin Lys Glu Leu 

1075 1080 1085 

Asn Glu Met Gin Ala Gin He Ala Glu Glu Ser Gin He Arg He Glu 

1090 1095 1100 

Leu Gin Met Thr Leu Asp Ser Lys Asp Ser Asp He Glu Gin Leu Arg 
1105 1110 1115 1120 

Ser Gin Leu Gin Ala Leu His He Gly Leu Asp Ser Ser Ser He Gly 

1125 1130 1135 

Ser Gly Pro Gly Asp Thr Glu Ala Asp Asp Gly Phe Pro Glu Ser Arg 

1140 1145 1150 

Leu Glu Gly Trp Leu Ser Leu Pro Val Arg Asn Asn Thr Lys Lys Phe 

1155 1160 1165 

Gly Trp Val Lys Lys Tyr Val He Val Ser Ser Lys Lys He Leu Phe 

1170 1175 1180 

Tyr Asp Ser Glu Gin Asp Lys Glu Gin Ser Asn Pro Tyr Met Val Leu 
1185 1190 1195 1200 

Asp He Asp Lys Leu Phe His Val Arg Pro Val Thr Gin Thr Asp Val 

1205 1210 1215 

Tyr Arg Ala Asp Ala Lys Glu He Pro Arg He Phe Gin He Leu Tyr 

1220 1225 1230 

Ala Asn Glu Gly Glu Ser Lys Lys Glu Gin Glu Phe Pro Val Glu Pro 

1235 1240 1245 

Val Gly Glu Lys Ser Asn Tyr He Cys His Lys Gly His Glu Phe He 

1250 1255 1260 

Pro Thr Leu Tyr His Phe Pro Thr Asn Cys Glu Ala Cys Met Lys Pro 
1265 1270 1275 1280 

Leu Trp His Met Phe Lys Pro Pro Pro Ala Leu Glu Cys Arg Arg Cys 
1285 1290 1295 

1300 1305 1310 

Ala Pro Cys Lys Val Tyr Tyr Asp He Ser Ser Ala Lys Asn Leu Leu 

1315 1320 1325 

Leu Leu Ala Asn Ser Thr Glu Glu Gin Gin Lys Trp Val Ser Arg Leu 

1330 1335 1340 

Val Lys Lys lie Pro Lys Lys Pro Pro Ala Pro Asp Pro Phe Ala Arg 
1345 1350 1355 1360 

Ser Ser Pro Arg Thr Ser Met Lys He Gin Gin Asn Gin Ser He Arg 
1365 50 1370 1375 
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75 76 
Arg Pro Ser Arg Gin Leu Ala Pro Asn Lys Pro Ser 
1380 1385 
[0 2 3 2] mm-^ : 2 * h^Kn v^- : Um'^ 

Em(D-g:i^ : 5 0 5 3 IB^lJcoail : c DNA 

nm(om - mm - 

ATG AGC COG CCC CCG CCG ACG GGG AAG ATG CCC GGC GCC CCC GAG GCC 48 
Met Ser Arg Pro Pro Pro Thr Gly Lys Met Pro Gly Ala Pro Glu Ala 

15 10 15 

GTG TCG GGG GAC GGC GCG GGC GCG AGC CGC CAG AGG AAG CTG GAA GCG 96 
Val Ser Gly Asp Gly Ala Gly Ala Ser Arg Gin Arg Lys Leu Glu Ala 

20 25 30 

CTG ATC CGA GAC CCT CGT TCG CCC ATC AAC GTG GAG AGC TTG aC GAT 144 
Leu lie Arg Asp Pro Arg Ser Pro lie Asn Val Glu Ser Leu Leu Asp 

35 40 45 

GGC TTA AAT CCT TTG GTC CTT GAT TTG GAT TTT CCT GCT TTG AGG AAA 192 
Gly Leu Asn Pro Leu Val Leu Asp Leu Asp Phe Pro Ala Leu Arg Lys 

50 55 60 

AAC AAA AAT ATA GAT AAT TTC TTA AAT AGA TAT GAG AAA ATT GTG AAA 240 
Asn Lys Asn He Asp Asn Phe Leu Asn Arg Tyr Glu Lys He Val Lys 
65 70 75 80 

AAA ATT AGA GGT TTA CAG ATG AAG GCA GAA GAC TAC GAT GTT GTA AAA 288 
Lys He Arg Gly Leu Gin Met Lys Ala Glu Asp Tyr Asp Val Val Lys 

85 90 95 

GTT ATC GGA AGA GGT GCT TTT GGT GAA GTC CAG TTG GTT CGT CAT AAG 336 
Val He Gly Arg Gly Ala Phe Gly Glu Val Gin Leu Val Arg His Lys 

100 105 110 

GCA TCA CAG AAA GTT TAT GCT ATG AAG CTT CTT AGT AAG TTT GAA ATG 384 
Ala Ser Gin Lys Val Tyr Ala Met Lys Leu Leu Ser Lys Phe Glu Met 

115 120 125 

ATA AAA AGA TCA GAT TCT GCT TTT TTC TGG GAG GAA AGA GAT ATT ATG 432 
He Lys Arg Ser Asp Ser Ala Phe Phe Trp Glu Glu Arg Asp He Met 

130 135 140 

GCC TTT GCC AAC AGT CCC TGG GTG GTT CAG CTC TTT TGT GCC TTT CAA 480 
Ala Phe Ala Asn Ser Pro Trp Val Val Gin Leu Phe Cys Ala Phe Gin 
145 150 155 160 

GAT GAT AAG TAT CTG TAC ATG GTA ATG GAG TAC ATG CCT GGT GGA GAC 528 
Asp Asp Lys Tyr Leu Tyr Met Val Met Glu Tyr Met Pro Gly Gly Asp 

165 170 175 

CTT GTA AAC CTT ATG AGT AAC TAT GAT GTA CCT GAA AAA TGG GCC AAA 576 
Leu Val Asn Leu Met Ser Asn Tyr Asp Val Pro Glu Lys Trp Ala Lys 

180 185 190 

TTT TAT ACT GCT GAA GTT GTT CTT GCT TTG GAT GCC ATA CAC TCC ATG 624 
Phe Tyr Thr Ala Glu Val Val Leu Ala Leu Asp Ala He His Ser Met 

195 200 205 

GGT TTA ATT CAC AGA GAT GTG AAG CCT GAC AAC ATG CTC TTG GAT AAA 672 
Gly Leu He His Arg Asp Val Lys Pro Asp Asn Met Leu Leu Asp Lys 

210 215 220 

CAT GGG CAT CTA AAA TTA GCA GAT m GGC ACA TGT ATG AAG ATG GAT 720 


(40) 10-113187 
77 78 
His Gly His Leu Lys Leu Ala Asp Phe Gly Thr Cys Met Lys Met Asp 
225 230 235 240 

GAA ACA GGC ATG GTG CAT TGT GAT ACA GCA GTT GGA ACA CCC GAT TAT 768 
Glu Thr Gly Met Val His Cys Asp Thr Ala Val Gly Thr Pro Asp Tyr 

245 250 255 

ATA TCA CCC GAG GTC CTG AAA TCA CAA GGG GGT GAT GGT TAC TAT GGG 816 
He Ser Pro Glu Val Leu Lys Ser Gin Gly Gly Asp Gly Tyr Tyr Gly 

260 265 270 

CGA GAA TGT GAT TGG TGG TCC GTG GGT GTT TTC CTT TTT GAA ATG CTG 864 
Arg Glu Cys Asp Trp Trp Ser Val Gly Val Phe Leu Phe Glu Met Leu 

275 280 285 

GTG GGG GAT ACT CCA TTT TAT GCA GAT TCA CTT GTA GGA ACA TAT AGC 912 
Val Gly Asp Thr Pro Phe Tyr Ala Asp Ser Leu Val Gly Thr Tyr Ser 

290 295 300 

AAA ATT ATG GAT CAT AAA AAC TCA CTA TGT TTC CCT GAA GAT GCA GAA 960 
Lys He Met Asp His Lys Asn Ser Leu Cys Phe Pro Glu Asp Ala Glu 
305 310 315 320 

ATT TCT AAA CAT GCG AAG AAT CTC ATC TGT GCC TTC TTA ACA GAT AGG 1008 
He Ser Lys His Ala Lys Asn Leu He Cys Ala Phe Leu Thr Asp Arg 

325 330 335 

GAG GTA CGC CTT GGA AGA AAC GGG GTA GAA GAA ATC AAA CAA CAT CCT 1056 
Glu Val Arg Leu Gly Arg Asn Gly Val Glu Glu He Lys Gin His Pro 

340 345 350 

TTC TTT AAG AAT GAT CAG TGG AAT TGG GAT AAC ATA AGA GAG ACT GCA 1104 
Phe Phe Lys Asn Asp Gin Trp Asn Trp Asp Asn He Arg Glu Thr Ala 

355 360 365 

GCT CCT GTG GTA CCT GAA CTC AGC AGT GAC ATA GAC AGC AGC AAT TTT 1152 
Ala Pro Val Val Pro Glu Leu Ser Ser Asp He Asp Ser Ser Asn Phe 

370 375 380 

GAT GAC ATT GAA GAT GAT AAA GGA GAT GTA GAA ACC TTC CCA ATT CCC 1200 
Asp Asp He Glu Asp Asp Lys Gly Asp Val Glu Thr Phe Pro He Pro 
385 390 395 400 

AAG Ga TTT GTG GGA AAT CAG CTk CCT TTT ATA GGA TTT ACC TAC TAC 1248 
Lys Ala Phe Val Gly Asn Gin Leu Pro Phe He Gly Phe Thr Tyr Tyr 

405 410 415 

AGA GAA AAT TTG CTA CTA AGT GAC TCT CCA TCT TGT AAA GAA AAT GAC 1296 
Arg Glu Asn Leu Leu Leu Ser Asp Ser Pro Ser Cys Lys Glu Asn Asp 

420 425 430 

TCA ATT CAA TCA AGG AAG AAT GAA GAG AGT CAA GAG ATT CAG AAA AAA 1344 
Ser He Gin Ser Arg Lys Asn Glu Glu Ser Gin Glu He Gin Lys Lys 

435 440 445 

CTG TAC ACA TTA GAA GAA CAC CTT AGC ACT GAG ATT CAG GCC AAA GAG 1392 
Leu Tyr Thr Leu Glu Glu His Leu Ser Thr Glu He Gin Ala Lys Glu 

450 455 460 

GAA CTA GAA CAG AAG TGC AAG Ta GTT AAT ACT CGC TTA GAG AAA GTG 1440 
Glu Leu Glu Gin Lys Cys Lys Ser Val Asn Thr Arg Leu Glu Lys Val 
465 470 475 480 

GCA AAG GAG TTA GAA GAA GAG ATT ACC TTA AGG AAA AAT GTG GAA TCA 1488 
Ala Lys Glu Leu Glu Glu Glu He Thr Leu Arg Lys Asn Val Glu Ser 
485 50 490 495 
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79 80 
ACA TTA AGA CAA TTA GAA AGA GAA AAA GCA CTT CTT CAG CAC AAA AAT 1536 
Thr Leu Arg Gin Leu Glu Arg Glu Lys Ala Leu Leu Gin His Lys Asn 

500 505 510 

GCA GAA TAT CAG CGG AAA Ga GAT CAT GAA GCA GAC AAG AAG CGA AAT 1584 
Ala Glu Tyr Gin Arg Lys Ala Asp His Glu Ala Asp Lys Lys Arg Asn 

515 520 525 

TTG GAG AAT GAT GTT AAC AGT TTA AAA GAT CAG CTT GAA GAT TTG AAA 1632 
Leu Glu Asn Asp Val Asn Ser Leu Lys Asp Gin Leu Glu Asp Leu Lys 

530 535 540 

AAA AGA AAT CAG AAC TCT CAG ATA TCC ACT GAG AAA GTG AAT CAA CTC 1680 
Lys Arg Asn Gin Asn Ser Gin He Ser Thr Glu Lys Val Asn Gin Leu 
545 550 555 560 

CAG AGA CAA CTG GAT GAA ACC AAT GCT TTG CTG CGA ACA GAA TCT GAT 1728 
Gin Arg Gin Leu Asp Glu Thr Asn Ala Leu Leu Arg Thr Glu Ser Asp 

565 570 575 

ACT GCA GCC CGG TTA AGG AAA ACA CAG GCA GAA AGT TCA AAA CAG ATT 1776 
Thr Ala Ala Arg Leu Arg Lys Thr Gin Ala Glu Ser Ser Lys Gin He 

580 585 590 

CAG CAG CTG GAA TCT AAC AAT AGA GAT CTA CAA GAC AAA AAT TGC CTG 1824 
Gin Gin Leu Glu Ser Asn Asn Arg Asp Leu Gin Asp Lys Asn Cys Leu 

595 600 605 

CTG GAG ACT GCC AAG TTA AAA CTT GAA AAG GAA TTT ATC AAT CTT CAG 1872 
Leu Glu Thr Ala Lys Leu Lys Leu Glu Lys Glu Phe He Asn Leu Gin 

610 615 620 

TCA GTT CTA GAA TCT GAA AGG AGG GAC CGA ACC CAT GGA TCA GAG ATT 1920 
Ser Val Leu Glu Ser Glu Arg Arg Asp Arg Thr His Gly Ser Glu He 
625 630 635 640 

ATT AAT GAT TTA CAA GGT AGA ATA TCT GGC CTA GAA GAA GAT GTA AAG 1968 
He Asn Asp Leu Gin Gly Arg He Ser Gly Leu Glu Glu Asp Val Lys 

645 650 655 

AAT GGT AAA ATC TTA TTA GCA AAA GTA GAG CTG GAG AAG AGA CAA CTA 2016 
Asn Gly Lys He Leu Leu Ala Lys Val Glu Leu Glu Lys Arg Gin Leu 

660 665 670 

CAG GAG AGA TTT ACT GAT TTG GAA AAG GAA AAG AAC AAC ATG GAA ATA 2064 
Gin Glu Arg Phe Thr Asp Leu Glu Lys Glu Lys Asn Asn Met Glu He 

675 680 685 

GAT ATG ACA TAC CAA CTA AAA GTC ATA CAG CAA AGT TTA GAA CAA GAA 2112 
Asp Met Thr Tyr Gin Leu Lys Val He Gin Gin Ser Leu Glu Gin Glu 

690 695 700 

GAA ACT GAA CAT AAG GCT ACA AAA GCA CGG CTT GCA GAT AAA AAC AAG 2160 
Glu Thr Glu His Lys Ala Thr Lys Ala Arg Leu Ala Asp Lys Asn Lys 
705 710 715 720 

ATT TAT GAA TCC ATT GAA GAA GCT AAA TCA GAA GCC ATG AAA GAA ATG 2208 
He Tyr Glu Ser He Glu Glu Ala Lys Ser Glu Ala Met Lys Glu Met 

725 730 735 

GAG AAA AAG CTC TCG GAG GAA AGA ACT TTA AAA CAG AAA GTA GAG AAC 2256 
Glu Lys Lys Leu Ser Glu Glu Arg Thr Leu Lys Gin Lys Val Glu Asn 

740 745 750 

TTG TTG CTG GAG GCT GAG AAA AGA TGC TCT ATA TTA GAC TGT GAC CTC 2304 
Leu Leu Leu Glu Ala Glu Lys Arg (50s Ser He Leu Asp Cys Asp Leu 


81 

755 

AAA CAG TCA 
Lys Gin Ser 

770 
CTA AAT GAG 
Leu Asn Glu 
785 

CAG AAG CGC 

GTT AAC ACA 
Val Asn Thr 

CAT CTC CTA 
His Leu Leu 
835 

CGA AAA GAA 
Arg Lys Glu 

850 
CAG CTT GAA 
Gin Leu Glu 
865 

AGG GAA CTT 
Arg Glu Leu 

TTA CAG CAG 
Leu Gin Gin 

GCT CAA CTG 
Ala Gin Leu 
915 

CGT TCA ATT 
Arg Ser lie 

930 
ATG AAA GAG 
Met Lys Glu 
945 

CTC ACC GAA 
Leu Thr Glu 

ACA CTA ACT 
Thr Leu Thr 

AAT AAC AAA 
Asn Asn Lys 
995 

GAA GAA ATA 
Glu Glu He 

1010 
TTA ACA GAG 
Leu Thr Glu 


CAG CAG 
Gin Gin 

GAT GTT 
Asp Val 

TGC CTT 

805 
CTA AAA 
Leu Lys 
820 

GAA ATG 
Glu Met 

CGT GAA 
Arg Gin 

GCA GAG 
Ala Glu 

AAG GAA 
Lys Glu 
885 
AAG AAG 
Lys Lys 
900 

GAG ATT 
Glu He 

GCT GAG 
Ala Glu 

CTG GAG 
Leu Glu 

AAA GAT 
Lys Asp 
965 
AGT GAT 
Ser Asp 
980 

CTG AAG 
Leu Lys 

AGT GCA 
Ser Ala 

AGG ACA 
Arg Thr 


760 

AAA ATA AAT 
Lys He Asn 

775 
AGA AAC TTG 
Arg Asn Leu 
790 

ACA CAA AAT 

ATG TCA GAA 
Met Ser Glu 

AAA ATG AGC 
Lys Met Ser 
840 

GAT C-CA GAT 
Asp Ala Asp 

855 
CAG TAT TTC 
Gin Tyr Phe 
870 

GAA TGT GAA 
Glu Cys Glu 

CAG GAA TTA 
Gin Glu Leu 

ACC TTA ACC 
Thr Leu Thr 
920 

GAA CAG TAT 
Glu Gin Tyr 

935 
ATC AAA GAG 
He Lys Glu 
950 

GCT ACT ATT 
Ala Thr He 

GTT GCC AAT 
Val Ala Asn 

GAA GCC CAA 
Glu Ala Gin 
1000 
GCA GCT ATT 
Ala Ala He 

1015 
CTC AAA ACT 
Leu Lys Thr 
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GAA CTC 
Glu Leu 

ACA TTA 
Thr Leu 

GAC TTG 

810 
AAG CAG 
Lys Gin 
825 

TTG GAA 
Leu Glu 

C^^A CAG 
Gly Gin 

TCA ACC 
Ser Thr 

GAA AAG 
Glu Lys 
890 
CAG GAT 
Gin Asp 
905 

AAA GCA 

Lys Ala 

TCT GAT 
Ser Asp 

ATG ATG 
Met Met 

GCG TCT 
Ala Ser 
970 
CTT GCA 
Leu Ala 
985 

GAG CAA 
Glu Gin 

AAA GCA 
Lys Ala 

CAA GCT 
(SCh Ala 
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765 

CTC AAA CAG 
Leu Lys Gin 

780 
AAA ATA GAA 
Lys He Glu 
795 

AAG ATG CAA 

TTA AAG CAA 
Leu Lys Gin 

AAA CAG AAT 

Lys Gin Asn 
845 

ATG AAA GAG 
Met Lys Glu 

860 
CTC TAT AAA 
Leu Tyr Lys 
875 

ACC AAA CTT 
Thr Lys Leu 

GAA AGG GAC 
Glu Arg Asp 

GAT TCT GAG 
Asp Ser Glu 
925 

TTG GAA AAA 
Leu Glu Lys 

940 
GCT CGA CAC 
Ala Arg His 
955 

CTT GAA GAA 
Leu Glu Glu 

AAT GAG AAA 
Asn Glu Lys 

CTA TCA AGG 
Leu Ser Arg 
1005 
CAA TTT GAG 
Gin Phe Glu 

1020 
GTG AAT AAG 
Val Asn Lys 


82 

AAA GAT GTG 

Lys Asp Val 

CAG GAA ACT 
Gin Glu Thr 
800 

ACA CAG CAA 

815 
GAG AAT AAT 
Glu Asn Asn 
830 

GCT GAA CTT 
Ala Glu Leu 

CTC CAG GAT 
Leu Gin Asp 

ACA CAG GTT 
Thr Gin Val 
880 

TGT AAA GAA 
Cys Lys Glu 

895 
TCC TTG GCT 
Ser Leu Ala 
910 

CAA CTG GCT 
Gin Leu Ala 

GAG AAG ATC 
Glu Lys He 

AAA CAG GAA 
Lys Gin Glu 
960 

ACT AAT AGG 
Thr Asn Arg 

975 
GAA GAA TTA 
Glu Glu Leu 
990 

TTG AAA GAT 
Leu Lys Asp 

AAG CAG CTG 
Lys Gin Leu 

TTG GCT GAG 
Leu Ala Glu 


2352 

2400 

2448 
2496 

2544 

2592 

2640 

2688 

2736 

2784 

2832 

2880 

2928 

2976 

3024 

3072 

3120 


(43) 

83 84 
1025 1030 1035 1040 

ATC ATG AAT CGA AAG GAA CCT GTT AAG CGT GGT AAT GAC ACA GAT GTG 3168 
lie Met Asn Arg Lys Glu Pro Val Lys Arg Gly Asn Asp Thr Asp Val 

1045 1050 1055 

CGG AGA AAA GAA AAG GAG AAT AGA AAG CTk CAT ATG GAA CTT AAA TCT 3216 
Arg Arg Lys Glu Lys Glu Asn Arg Lys Leu His Met Glu Leu Lys Ser 

1060 1065 1070 

GAA CGC GAA AAA CTG ACC GAG CAG ATG ATC AAG TAT CAG AAA GAA CTG 3264 
Glu Arg Glu Lys Leu Thr Gin Gin Met He Lys Tyr Gin Lys Glu Leu 

1075 1080 1085 

AAT GAA ATG CAG OCT CAA ATA GCT GAA GAG AGT CAG ATT CGA ATT GAA 3312 
Asn Glu Met Gin Ala Gin He Ala Glu Glu Ser Gin He Arg He Glu 

1090 1095 1100 

CTA CAG ATG ACA CTG GAC AGT AAG GAC AGT GAC ATT GAG CAG CTG CGC 3360 
Leu Gin Met Thr Leu Asp Ser Lys Asp Ser Asp He Glu Gin Leu Arg 
1105 1110 1115 1120 

TCC CAG CTC CAG GCC TTG CAC ATT GGT TTG GAT AGT TCC AGT ATA GGC 3408 
Ser Gin Leu Gin Ala Leu His He Gly Leu Asp Ser Ser Ser He Gly 

1125 1130 1135 

AGT GGA CCA GGG GAT ACT GAA GCT GAT GAC GGT TTT CCA GAA TCA AGA 3456 
Ser Gly Pro Gly Asp Thr Glu Ala Asp Asp Gly Phe Pro Glu Ser Arg 

1140 1145 1150 

CTA GAA GGA TGG CTT TCA TTG CCT GTG CGA AAC AAC ACT AAG AAA TTT 3504 
Leu Glu Gly Trp Leu Ser Leu Pro Val Arg Asn Asn Thr Lys Lys Phe 

1155 1160 1165 

GGA TGG GTT AAA AAG TAT GTG ATT GTA AGC AGT AAG AAG ATC CTT TTC 3552 
Gly Trp Val Lys Lys Tyr Val He Val Ser Ser Lys Lys He Leu Phe 

1170 1175 1180 

TAT GAC AGT GAG CAA GAT AAA GAA CAA TCT AAT CCT TAC ATG GTT TTA 3600 
Tyr Asp Ser Glu Gin Asp Lys Glu Gin Ser Asn Pro Tyr Met Val Leu 
1185 1190 1195 1200 

GAT ATA GAC AAG TTA TTT CAT GTC CGA CCA GTT ACA CAG ACA GAT GTA 3648 
Asp He Asp Lys Leu Phe His Val Arg Pro Val Thr Gin Thr Asp Val 

1205 1210 1215 

TAT AGA GCA GAT GCT AAA GAA ATT CCA AGG ATA TTC CAG ATT CTG TAT 3696 
Tyr Arg Ala Asp Ala Lys Glu He Pro Arg He Phe Gin He Leu Tyr 

1220 1225 1230 

GCC AAC GAA GGA GAA AGT AAG AAG GAA CAA GAA TTT CCA GTG GAG CCA 3744 
Ala Asn Glu Gly Glu Ser Lys Lys Glu Gin Glu Phe Pro Val Glu Pro 

1235 1240 1245 

GTG GGA GAA AAA TCA AAT TAT ATT TGC CAC AAG GGA CAT GAA TTT ATT 3792 
Val Gly Glu Lys Ser Asn Tyr He Cys His Lys Gly His Glu Phe He 

1250 1255 1260 

CCT ACT CTG TAT CAT TTC CCA ACC AAC TGT GAG GCA TGT ATG AAG CCA 3840 
Pro Thr Leu Tyr His Phe Pro Thr Asn Cys Glu Ala Cys Met Lys Pro 
1265 1270 1275 1280 

TTG TGG CAC ATG TTT AAA CCC CCT CCT GCT TTA GAG TGC CGT CGC TGT 3888 
Leu Trp His Met Phe Lys Pro Pro Pro Ala Leu Glu Cys Arg Arg Cys 

1285 1290 1295 

CAT ATT AAA TGT CAT AAA GAT CAC /BDG GAC AAA AAG GAG GAA ATT ATA 3936 
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85 86 
His lie Lys Cys His Lys Asp His Met Asp Lys Lys Glu Glu He He 

1300 1305 1310 

GCG CCT TGC AAA GTG TAT TAT GAT ATT TCA TCG GCA AAG AAT CTA TTG 3984 
Ala Pro Cys Lys Val Tyr Tyr Asp He Ser Ser Ala Lys Asn Leu Leu 

1315 1320 1325 

TTA TTG GCA AAT TCT ACA GAA GAG CAG CAA AAG TGG GTT AGT CGG m 4032 
Leu Leu Ala Asn Ser Thr Glu Glu Gin Gin Lys Trp Val Ser Arg Leu 

1330 1335 1340 

GTG AAA AAA ATA CCT AAA AAG CCT CCA GCT CCA GAC Ca TTT GCA CGG 4080 
Val Lys Lys He Pro Lys Lys Pro Pro Ala Pro Asp Pro Phe Ala Arg 
1345 1350 1355 1360 

TCA TCT CCT AGA ACG TCA ATG AAA ATA CAA CAA AAC CAG TCT ATT CGA 4128 
Ser Ser Pro Arg Thr Ser Met Lys He Gin Gin Asn Gin Ser He Arg 

1365 1370 1375 

CGG CCA AGT CGA CAA CTT GCT CCA AAC AAA CCA AGC 4164 
Arg Pro Ser Arg Gin Leu Ala Pro Asn Lys Pro Ser 

1380 1385 
TAACTGCCTT CTGTGAATGC AGTCATTATT TAAGGTGATC ATATTCTTCT AGTTGAAACA 4224 
AGACTGAAAT ATGATGGCCC AAAATTTATT AAAAAGTTAT ATTTTCCTGA GAGACTAATA 4284 
CACATATATA TTCCCTCTAT TCCTGCAATA TAAATTCTAA ATCTTGAATA GGTTTTCTGG 4344 
GCTCCTTTGG AGCAACAAGT TGAACCAACA GTGATTGGTT AATAGAATAA GAATATCATG 4404 
TGCAACTCTT CCAGACTTAT TCCATAAAGC TCTCCTAGCA TCACTCACAC TACATTGCAT 4464 
AAAGGATTTA GAAGAGTTAC AGAAATCATC TTTTCAGCTT CAACAGAGAG ATTTCACCAG 4524 
CACATTTGCC AGAAGAATCT GGGAATGGAT TCCACTACAG TGATAGAGAC TGCGTCTTTA 4584 
AGAAGTGACC ATTGTAGTGT GTGTGTGAAC ACACACACAC ACATACACAC ACACACACAC 4644 
ACACACATAG TACTGTAATA CTGCAAGAGG GTTTTTTAAC TTCCCACTTT ATTTTTTTAT 4704 
AAACATTAAT CAGATATCAT TACTTACTGC AGTTGTAACT ATGCACTTGT ATAAAGCCAT 4764 
AATGTTGGAG TTTATATCAC TCATTGTGTG TACCTGCTGG AAGCTGCATG TTCATGTTTA 4824 
AGCAGTTATT GTAACAAGAA GTTTGAAGTT AATTATATCA GTTTCTTAAT GCTTTGTAAT 4884 
AGGCAATTTT ACCCATTTTG AATGCCTTAA TTTAATTTTT TTCAAGGTAT CCACCCTTTC 4944 
CTGTATTTAA AACAAAAAAA AAAGTATTTG CCAGCTCTTA GGATGCAAAT TTGCTTTGCA 5004 
GAAGAAAATT AGTGCACTAT TTTTACACAT AGTAGTTATC ATTGTCGGC 5053 
[0 2 3 3] iBa?lJ#-^ : 3 * h/J^ n : Mm'^ 

mm(o^^ ' 1 4 nm<Dmm • k 

wm(Dm: r^^m mm-- 

mm 

Cys Lys Arg Gin Leu Gin Glu Arg Phe Thr Asp Leu Glu Lys 
1 5 10 

[0 2 3 41 ga^lJ#-^ : 4 ^ h^J^ n i^^- : Um'^ 

mm<o^$ : 1 3 8 8 m^Komm : ^>^<^W 

ga^ijcos :r^/m mm- 

Met Ser Arg Pro Pro Pro Thr Gly Lys Met Pro Gly Ala Pro Glu Thr 

15 10 15 

Ala Pro Gly Asp Gly Ala Gly Ala Ser Arg Gin Arg Lys Leu Glu Ala 

20 25 30 

Leu He Arg Asp Pro Arg Ser Pro He Asn Val Glu Ser Leu Leu Asp 
35 40 50 45 


(45) 

87 88 
Gly Leu Asn Ser Leu Val Leu Asp Leu Asp Phe Pro Ala Leu Arg Lys 

50 55 60 

Asn Lys Asn He Asp Asn Phe Leu Asn Arg Tyr Glu Lys He Val Lys 
65 70 75 80 

Lys He Lys Gly Leu Gin Met Lys Ala Glu Asp Tyr Asp Val Val Lys 

85 90 95 

Val He Gly Arg Gly Ala Phe Gly Glu Val Gin Leu Val Arg His Lys 

100 105 110 

Ala Ser Gin Lys Val Tyr Ala Met Lys Leu Leu Ser Lys Phe Glu Met 

115 120 125 

He Lys Arg Ser Asp Ser Ala Phe Phe Trp Glu Glu Arg Asp He Met 

130 135 140 

Ala Phe Ala Asn Ser Pro Trp Val Val Gin Leu Phe Tyr Ala Phe Gin 
145 150 155 160 

Asp Asp Arg Tyr Leu Tyr Met Val Met Glu Tyr Met Pro Gly Gly Asp 

165 170 175 

Leu Val Asn Leu Met Ser Asn Tyr Asp Val Pro Glu Lys Trp Ala Lys 

180 185 190 

Phe Tyr Thr Ala Glu Val Val Leu Ala Leu Asp Ala He His Ser Met 

195 200 205 

Gly Leu He His Arg Asp Val Lys Pro Asp Asn Met Leu Leu Asp Lys 

210 215 220 

His Gly His Leu Lys Leu Ala Asp Phe Gly Thr Cys Met Lys Met Asp 
225 230 235 240 

Glu Thr Gly Met Val His Cys Asp Thr Ala Val Gly Thr Pro Asp Tyr 

245 250 255 

He Ser Pro Glu Val Leu Lys Ser Gin Gly Gly Asp Gly Phe Tyr Gly 

260 265 270 

Arg Glu Cys Asp Trp Trp Ser Val Gly Val Phe Leu Tyr Glu Met Leu 

275 280 285 

Val Gly Asp Thr Pro Phe Tyr Ala Asp Ser Leu Val Gly Thr Tyr Ser 

290 295 300 

Lys He Met Asp His Lys Asn Ser Leu Cys Phe Pro Glu Asp Ala Glu 
305 310 315 320 

He Ser Lys His Ala Lys Asn Leu He Cys Ala Phe Leu Thr Asp Arg 

325 330 335 

Glu Val Arg Leu Gly Arg Asn Gly Val Glu Glu He Arg Gin His Pro 

340 345 350 

Phe Phe Lys Asn Asp Gin Trp His Trp Asp Asn He Arg Glu Thr Ala 

355 360 365 

Ala Pro Val Val Pro Glu Leu Ser Ser Asp He Asp Ser Ser Asn Phe 

370 375 380 

Asp Asp He Glu Asp Asp Lys Gly Asp Val Glu Thr Phe Pro He Pro 
385 390 395 400 

Lys Ala Phe Val Gly Asn Gin Leu Pro Phe He Gly Phe Thr Tyr Tyr 

405 410 415 

Arg Glu Asn Leu Leu Leu Ser Asp Ser Pro Ser Cys Arg Glu Asn Asp 

420 425 430 

Ser He Gin Ser Arg Lys Asn Glu Glu Ser Gin Glu He Gin Lys Lys 
435 440 50 445 
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89 


90 


Leu Tyr Thr Leu Glu Glu His Leu Ser Asn Glu Met Gin Ala Lys Glu 

450 455 460 

Glu Leu Glu Gin Lys Cys Lys Ser Val Asn Thr Arg Leu Glu Lys Thr 
465 470 475 480 

Ala Lys Glu Leu Glu Glu Glu He Thr Leu Arg Lys Ser Val Glu Ser 

485 490 495 

Ala Leu Arg Gin Leu Glu Arg Glu Lys Ala Leu Leu Gin His Lys Asn 

500 505 510 

Ala Glu Tyr Gin Arg Lys Ala Asp His Glu Ala Asp Lys Lys Arg Asn 

515 520 525 

Leu Glu Asn Asp Val Asn Ser Leu Lys Asp Gin Leu Glu Asp Leu Lys 

530 535 540 

Lys Arg Asn Gin Asn Ser Gin He Ser Thr Glu Lys Val Asn Gin Leu 
545 550 555 560 

Gin Arg Gin Leu Asp Glu Thr Asn Ala Leu Leu Arg Thr Glu Ser Asp 

565 570 575 

Thr Ala Ala Arg Leu Arg Lys Thr Gin Ala Glu Ser Ser Lys Gin He 

580 585 590 

Gin Gin Leu Glu Ser Asn Asn Arg Asp Leu Gin Asp Lys Asn Cys Leu 

595 600 605 

Leu Glu Thr Ala Lys Leu Lys Leu Glu Lys Glu Phe He Asn Leu Gin 

610 615 620 

Ser Ala Leu Glu Ser Glu Arg Arg Asp Arg Thr His Gly Ser Glu He 
625 630 635 640 

He Asn Asp Leu Gin Gly Arg He Cys Gly Leu Glu Glu Asp Leu Lys 

645 650 655 

Asn Gly Lys He Leu Leu Ala Lys Val Glu Leu Glu Lys Arg Gin Leu 

660 665 670 

Gin Glu Arg Phe Thr Asp Leu Glu Lys Glu Lys Ser Asn Met Glu He 

675 680 685 

Asp Met Thr Tyr Gin Leu Lys Val He Gin Gin Ser Leu Glu Gin Glu 

690 695 700 

Glu Ala Glu His Lys Ala Thr Lys Ala Arg Leu Ala Asp Lys Asn Lys 
705 710 715 720 

He Tyr Glu Ser He Glu Glu Ala Lys Ser Glu Ala Met Lys Glu Met 

725 730 735 

Glu Lys Lys Leu Leu Glu Glu Arg Thr Leu Lys Gin Lys Val Glu Asn 

740 745 750 

Leu Leu Leu Glu Ala Glu Lys Arg Cys Ser Leu Leu Asp Cys Asp Leu 

755 760 765 

Lys Gin Ser Gin Gin Lys He Asn Glu Leu Leu Lys Gin Lys Asp Val 

770 775 780 

Leu Asn Glu Asp Val Arg Asn Leu Thr Leu Lys He Glu Gin Glu Thr 
785 790 795 800 

Gin Lys Arg Cys Leu Thr Gin Asn Asp Leu Lys Met Gin Thr Gin Gin 

805 810 815 

Val Asn Thr Leu Lys Met Ser Glu Lys Gin Leu Lys Gin Glu Asn Asn 

820 825 830 

His Leu Met Glu Met Lys Met Asn Leu Glu Lys Gin Asn Ala Glu Leu 
835 840 50 845 


(47) 

91 92 
Arg Lys Glu Arg Gin Asp Ala Asp Gly Gin Met Lys Glu Leu Gin Asp 

850 855 860 

Gin Leu Glu Ala Glu Gin Tyr Phe Ser Thr Leu Tyr Lys Thr Gin Val 
865 870 875 880 

Arg Glu Leu Lys Glu Glu Cys Glu Glu Lys Thr Lys Leu Gly Lys Glu 

885 890 895 

Leu Gin Gin Lys Lys Gin Glu Leu Gin Asp Glu Arg Asp Ser Leu Ala 

900 905 910 

Ala Gin Leu Glu He Thr Leu Thr Lys Ala Asp Ser Glu Gin Leu Ala 

915 920 925 

Arg Ser lie Ala Glu Glu Gin Tyr Ser Asp Leu Glu Lys Glu Lys He 

930 935 940 

Met Lys Glu Leu Glu He Lys Glu Met Met Ala Arg His Lys Gin Glu 
945 950 955 960 

Leu Thr Glu Lys Asp Ala Thr He Ala Ser Leu Glu Glu Thr Asn Arg 

965 970 975 

Thr Leu Thr Ser Asp Val Ala Asn Leu Ala Asn Glu Lys Glu Glu Leu 

980 985 990 

Asn Asn Lys Leu Lys Asp Val Gin Glu Gin Leu Ser Arg Leu Lys Asp 

995 1000 1005 

Glu Glu He Ser Ala Ala Ala He Lys Ala Gin Phe Glu Lys Gin Leu 

1010 1015 1020 

Leu Thr Glu Arg Thr Leu Lys Thr Gin Ala Val Asn Lys Leu Ala Glu 
1025 1030 ' 1035 1040 

He Met Asn Arg Lys Glu Pro Val Lys Arg Gly Asn Asp Thr Asp Val 

1045 1050 1055 

Arg Arg Lys Glu Lys Glu Asn Arg Lys Leu His Met Glu Leu Lys Ser 

1060 1065 1070 

Glu Arg Glu Lys Leu Thr Gin Gin Met He Lys Tyr Gin Lys Glu Leu 

1075 1080 1085 

Asn Glu Met Gin Ala Gin He Ala Glu Glu Ser Gin He Arg He Glu 

1090 1095 1100 

Leu Gin Met Thr Leu Asp Ser Lys Asp Ser Asp He Glu Gin Leu Arg 
1105 1110 1115 1120 

Ser Gin Leu Gin Ala Leu His He Gly Leu Asp Ser Ser Ser He Gly 

1125 1130 1135 

Ser Gly Pro Gly Asp Ala Glu Ala Asp Asp Gly Phe Pro Glu Ser Arg 

1140 1145 1150 

Leu Glu Gly Trp Leu Ser Leu Pro Val Arg Asn Asn Thr Lys Lys Phe 

1155 1160 1165 

Gly Trp Val Lys Lys Tyr Val He Val Ser Ser Lys Lys He Leu Phe 

1170 1175 1180 

Tyr Asp Ser Glu Gin Asp Lys Glu Gin Ser Asn Pro Tyr Met Val Leu 
1185 1190 1195 1200 

Asp He Asp Lys Leu Phe His Val Arg Pro Val Thr Gin Thr Asp Val 

1205 1210 1215 

Tyr Arg Ala Asp Ala Lys Glu He Pro Arg He Phe Gin He Leu Tyr 

1220 1225 1230 

Ala Asn Glu Gly Glu Ser Lys Lys Glu Gin Glu Phe Pro Val Glu Pro 
1235 1240 50 1245 
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93 94 
Val Gly Glu Lys Ser Asn Tyr He Cys His Lys Gly His Glu Phe He 

1250 1255 1260 

Pro Thr Leu Tyr His Phe Pro Thr Asn Cys Glu Ala Cys Met Lys Pro 
1265 1270 1275 1280 

Leu Trp His Met Phe Lys Pro Pro Pro Ala Leu Glu Cys Arg Arg Cys 

1285 1290 1295 

His He Lys Cys His Lys Asp His Met Asp Lys Lys Glu Glu He He 

1300 1305 1310 

Ala Pro Cys Lys Val Tyr Tyr Asp He Ser Thr Ala Lys Asn Leu Leu 

1315 1320 1325 

Leu Leu Ala Asn Ser Thr Glu Glu Gin Gin Lys Trp Val Ser Arg Leu 

1330 1335 1340 

Val Lys Lys He Pro Lys Lys Pro Pro Ala Pro Asp Pro Phe Ala Arg 
1345 1350 1355 1360 

Ser Ser Pro Arg Thr Ser Met Lys He Gin Gin Asn Gin Ser He Arg 

1365 1370 1375 

Arg Pro Ser Arg Gin Leu Ala Pro Asn Lys Pro Ser 
1380 1385 
[0 2 3 5] ia^y#-^ : 5 * h v?- : 

nm<0^^ : 4 3 6 3 20 lE^IJc^SS : c DNA 

nm<om -mm m^- 

ATG AGC CGG CCC CCG CCG ACG GGG AAA ATG CCC GGC GCC CCC GAG ACC 48 
Met Ser Arg Pro Pro Pro Thr Gly Lys Met Pro Gly Ala Pro Glu Thr 

15 10 15 

GCG CCG GGG GAC GGG GCA GGC GCG AGC CGC CAG AGG AAG CTG GAG GCG 96 
Ala Pro Gly Asp Gly Ala Gly Ala Ser Arg Gin Arg Lys Leu Glu Ala 

20 25 30 

CTG ATC CGA GAC CCT CGC TCC CCC ATC AAC GTG GAG AGC TTG CTG GAT 144 
Leu He Arg Asp Pro Arg Ser Pro He Asn Val Glu Ser Leu Leu Asp 

35 40 45 

GGC TTA AAT TCC TTG GTC CTT GAT TTA GAT TTT CCT GCT TTG AGG AAA 192 
Gly Leu Asn Ser Leu Val Leu Asp Leu Asp Phe Pro Ala Leu Arg Lys 

50 55 60 

AAC AAG AAC ATA GAT AAT TTC TTA AAT AGA TAT GAG AAA ATT GTG AAA 240 
Asn Lys Asn He Asp Asn Phe Leu Asn Arg Tyr Glu Lys He Val Lys 
65 70 75 80 

AAA ATC AAA GGT CTA CAG ATG AAG GCA GAA GAC TAT GAT GTT GTA AAA 288 
Lys He Lys Gly Leu Gin Met Lys Ala Glu Asp Tyr Asp Val Val Lys 

85 90 95 

GTT ATT GGA AGA GGT GCT TTT GGT GAA GTG CAG TTG GTT CGT CAC AAG 336 
Val He Gly Arg Gly Ala Phe Gly Glu Val Gin Leu Val Arg His Lys 

100 105 110 

GCA TCG CAG AAG GTT TAT GCT ATG AAG CTT CTT AGT AAG TTT GAA ATG 384 
Ala Ser Gin Lys Val Tyr Ala Met Lys Leu Leu Ser Lys Phe Glu Met 

115 120 125 

ATA AAA AGA TCA GAT TCT GCC TTT TTT TGG GAA GAA AGA GAT ATT ATG 432 
He Lys Arg Ser Asp Ser Ala Phe Phe Trp Glu Glu Arg Asp He Met 
130 135 50 140 


(49) mm^^ 10-113187 

95 96 
GCC TTT GCC AAT AGC CCC TGG GTG GTT CAG CTT TTT TAT GCC TTT CAA 480 
Ala Phe Ala Asn Ser Pro Trp Val Val Gin Leu Phe Tyr Ala Phe Gin 
145 150 155 160 

GAT GAT AGG TAT CTG TAG ATG GTA ATG GAG TAG ATG COT GGT GGA GAG 528 
Asp Asp Arg Tyr Leu Tyr Met Val Met Glu Tyr Met Pro Gly Gly Asp 

165 170 175 

CTT GTA AAC CTT ATG AGT AAT TAT GAT GTG CCT GAA AAA TGG GCC AAA 576 
Leu Val Asn Leu Met Ser Asn Tyr Asp Val Pro Glu Lys Trp Ala Lys 

180 185 190 

TTT TAC ACT GCT GAA GTT GTT CTT GCT CTG GAT GCA ATA CAC TCC ATG 624 
Phe Tyr Thr Ala Glu Val Val Leu Ala Leu Asp Ala He His Ser Met 

195 200 205 

GGT TTA ATA CAC AGA GAT GTG AAG CCT GAC AAC ATG CTC TTG GAT AAA 672 
Gly Leu He His Arg Asp Val Lys Pro Asp Asn Met Leu Leu Asp Lys 

210 215 220 

CAT GGA CAT CTA AAA TTA GCA GAT TTT GGC ACG TGT ATG AAG ATG GAT 720 
His Gly His Leu Lys Leu Ala Asp Phe Gly Thr Cys Met Lys Met Asp 
225 230 235 240 

GAA ACA GGC ATG GTA CAT TGT GAT ACA GCA GTT GGA ACA CCG GAT TAT 768 
Glu Thr Gly Met Val His Cys Asp Thr Ala Val Gly Thr Pro Asp Tyr 

245 250 255 

ATA TCA CCT GAG GTT CTG AAA TCA CAA GGG GGT GAT GGT TTC TAT GGG 816 
He Ser Pro Glu Val Leu Lys Ser Gin Gly Gly Asp Gly Phe Tyr Gly 

260 265 270 

CGA GAA TGT GAT TGG TGG TCT GTA GGT GTT TTC CTT TAT GAG ATG CTA 864 
Arg Glu Cys Asp Trp Trp Ser Val Gly Val Phe Leu Tyr Glu Met Leu 

275 280 285 

GTG GGG GAT ACT CCA TTT TAT GCG GAT TCA CTT GTA GGA ACA TAT AGC 912 
Val Gly Asp Thr Pro Phe Tyr Ala Asp Ser Leu Val Gly Thr Tyr Ser 

290 295 300 

AAA ATT ATG GAT CAT AAG AAT TCA CTG TGT TTC CCT GAA GAT GCA GAA 960 
Lys He Met Asp His Lys Asn Ser Leu Cys Phe Pro Glu Asp Ala Glu 
305 310 315 320 

ATT TCC AAA CAT GCA AAG AAT CTC ATC TGT GCT TTC TTA ACA GAT AGG 1008 
He Ser Lys His Ala Lys Asn Leu He Cys Ala Phe Leu Thr Asp Arg 

325 330 335 

GAG GTA CGA CTT GGG AGA AAT GGG GTG GAA GAA ATC AGA CAG CAT Ca 1056 
Glu Val Arg Leu Gly Arg Asn Gly Val Glu Glu He Arg Gin His Pro 

340 345 350 

TTC TTT AAG AAT GAT CAG TGG CAT TGG GAT AAC ATA AGA GAA ACG GCA 1104 
Phe Phe Lys Asn Asp Gin Trp His Trp Asp Asn He Arg Glu Thr Ala 

355 360 365 

GCT CCT GTA GTA CCT GAA CTC AGC AGT GAC ATA GAC AGC AGC AAT TTC 1152 
Ala Pro Val Val Pro Glu Leu Ser Ser Asp He Asp Ser Ser Asn Phe 

370 375 380 

GAT GAC ATT GAA GAT GAC AAA GGA GAT GTA GAA ACC TTC CCA ATT CCT 1200 
Asp Asp He Glu Asp Asp Lys Gly Asp Val Glu Thr Phe Pro He Pro 
385 390 395 400 

AAA GCT TTT GTT GGA AAT CAG CTG CCT TTC ATC GGA TTT ACC TAC TAT 1248 
Lys Ala Phe Val Gly Asn Gin Leu P£Q Phe He Gly Phe Thr Tyr Tyr 


(50) 10-113187 
97 98 
405 410 415 

AGA GAA AAT TTA TTA TTA AGT GAC TCT CCA TCT TGT AGA GAA AAT GAT 1296 
Arg Glu Asn Leu Leu Leu Ser Asp Ser Pro Ser Cys Arg Glu Asn Asp 

420 425 430 

TCC ATA CAA TCA AGG AAA AAT GAA GAA AGT CAA GAG ATT CAG AAA AAA 1344 
Ser He Gin Ser Arg Lys Asn Glu Glu Ser Gin Glu He Gin Lys Lys 

435 440 445 

CTG TAT ACA TTA GAA GAA CAT CTT AGC AAT GAG ATG CAA GCC AAA GAG 1392 
Leu Tyr Thr Leu Glu Glu His Leu Ser Asn Glu Met Gin Ala Lys Glu 

450 455 460 

GAA CTG GAA CAG AAG TGC AAA TCT GTT AAT ACT CGC Clk GAA AAA ACA 1440 
Glu Leu Glu Gin Lys Cys Lys Ser Val Asn Thr Arg Leu Glu Lys Thr 
465 470 475 480 

GCA AAG GAG CTk GAA GAG GAG ATT Aa TTA CGG AAA AGT GTG GAA TCA 1488 
Ala Lys Glu Leu Glu Glu Glu He Thr Leu Arg Lys Ser Val Glu Ser 

485 490 495 

GCA TTA AGA CAG TTA GAA AGA GAA AAG GCG CTT CTT CAG CAC AAA AAT 1536 
Ala Leu Arg Gin Leu Glu Arg Glu Lys Ala Leu Leu Gin His Lys Asn 

500 505 510 

GCA GAA TAT CAG AGG AAA GCT GAT CAT GAA GCA GAC AAA AAA CGA AAT 1584 
Ala Glu Tyr Gin Arg Lys Ala Asp His Glu Ala Asp Lys Lys Arg Asn 

515 520 525 

TTG GAA AAT GAT GTT AAC AGC TTA AAA GAT CAA CTT GAA GAT TTG AAA 1632 
Leu Glu Asn Asp Val Asn Ser Leu Lys Asp Gin Leu Glu Asp Leu Lys 

530 535 540 

AAA AGA AAT CAA AAC TCT CAA ATA TCC ACT GAG AAA GTG AAT CAA CTC 1680 
Lys Arg Asn Gin Asn Ser Gin He Ser Thr Glu Lys Val Asn Gin Leu 
545 550 555 560 

CAG AGA CAA CTG GAT GAA ACC AAT GCT TTA CTG CGA ACA GAG TCT GAT 1728 
Gin Arg Gin Leu Asp Glu Thr Asn Ala Leu Leu Arg Thr Glu Ser Asp 

565 570 575 

ACT GCA GCC CGG TTA AGG AAA ACC CAG GCA GAA AGT TCA AAA CAG ATT 1776 
Thr Ala Ala Arg Leu Arg Lys Thr Gin Ala Glu Ser Ser Lys Gin He 

580 585 590 

CAG CAG CTG GAA TCT AAC AAT AGA GAT CTA CAA GAT AAA AAC TGC CTG 1824 
Gin Gin Leu Glu Ser Asn Asn Arg Asp Leu Gin Asp Lys Asn Cys Leu 

595 600 605 

CTG GAG ACT GCC AAG TTA AAA CTT GAA AAG GAA TTT ATC AAT CTT CAG 1872 
Leu Glu Thr Ala Lys Leu Lys Leu Glu Lys Glu Phe He Asn Leu Gin 

610 615 620 

TCA GCT CTA GAA TCT GAA AGG AGG GAT CGA ACC CAT GGA TCA GAG ATA 1920 
Ser Ala Leu Glu Ser Glu Arg Arg Asp Arg Thr His Gly Ser Glu He 
625 630 635 640 

ATT AAT GAT TTA CAA GGT AGA ATA TGT GGC CTA GAA GAA GAT TTA AAG 1968 
He Asn Asp Leu Gin Gly Arg He Cys Gly Leu Glu Glu Asp Leu Lys 

645 650 655 

AAC GGC AAA ATC TTA CTA GCG AAA GTA GAA CTG GAG AAG AGA CAA CTT 2016 
Asn Gly Lys He Leu Leu Ala Lys Val Glu Leu Glu Lys Arg Gin Leu 

660 665 670 

CAG GAG AGA TTT ACT GAT TTG GAA A)© GAA AAA AGC AAC ATG GAA ATA 2064 


(51) 10-113187 
99 100 
Gin Glu Arg Phe Thr Asp Leu Glu Lys Glu Lys Ser Asn Met Glu He 

675 680 685 

GAT ATG ACA TAG CAA OTA AAA GTT ATA CAG GAG AGC OTA GAA CAA GAA 2112 
Asp Met Thr Tyr Gin Leu Lys Val He Gin Gin Ser Leu Glu Gin Glu 

690 695 700 

GAA Ga GAA CAT AAG GCC ACA AAG GCA CGA CTA GCA GAT AAA AAT AAG 2160 
Glu Ala Glu His Lys Ala Thr Lys Ala Arg Leu Ala Asp Lys Asn Lys 
705 710 715 720 

ATC TAT GAG TCC ATC GAA GAA GCC AAA TCA GAA GCC ATG AAA GAA ATG 2208 
He Tyr Glu Ser He Glu Glu Ala Lys Ser Glu Ala Met Lys Glu Met 

725 730 735 

GAG AAG AAG CTC TTG GAG GAA AGA ACT TTA AAA CAG AAA GTG GAG AAC 2256 
Glu Lys Lys Leu Leu Glu Glu Arg Thr Leu Lys Gin Lys Val Glu Asn 

740 745 750 

CTA TTG CTA GAA GCT GAG AAA AGA TGT TCT CTA TTA GAC TGT GAC CTC 2304 
Leu Leu Leu Glu Ala Glu Vys Arg Cys Ser Leu Leu Asp Cys Asp Leu 

755 760 765 

AAA CAG TCA CAG CAG AAA ATA AAT GAG CTC CTT AAA CAG AAA GAT GTG 2352 
Lys Gin Ser Gin Gin Lys He Asn Glu Leu Leu Lys Gin Lys Asp Val 

770 775 780 

CTA AAT GAG GAT GTT AGA AAC CTG ACA TTA AAA ATA GAG CAA GAA ACT 2400 
Leu Asn Glu Asp Val Arg Asn Leu Thr Leu Lys He Glu Gin Glu Thr 
785 790 795 800 

CAG AAG CGC TGC CTT ACA CAA AAT GAC CTG AAG ATG CAA ACA CAA CAG 2448 
Gin Lys Arg Cys Leu Thr Gin Asn Asp Leu Lys Met Gin Thr Gin Gin 

805 810 815 

GTT AAC ACA CTA AAA ATG TCA GAA AAG CAG TTA AAG CAA GAA AAT AAC 2496 
Val Asn Thr Leu Lys Met Ser Glu Lys Gin Leu Lys Gin Glu Asn Asn 

820 825 830 

CAT CTC ATG GAA ATG AAA ATG AAC TTG GAA AAA CAA AAT GCT GAA CTT 2544 
His Leu Met Glu Met Lys Met Asn Leu Glu Lys Gin Asn Ala Glu Leu 

835 840 845 

CGA AAA GAA CGT CAG GAT GCA GAT GGG CAA ATG AAA GAG CTC CAG GAT 2592 
Arg Lys Glu Arg Gin Asp Ala Asp Gly Gin Met Lys Glu Leu Gin Asp 

850 855 860 

CAG CTC GAA GCA GAA CAG TAT TTC TCA ACC CTT TAT AAA ACA CAA GTT 2640 
Gin Leu Glu Ala Glu Gin Tyr Phe Ser Thr Leu Tyr Lys Thr Gin Val 
865 870 875 880 

AGG GAG CTT AAA GAA GAA TGT GAA GAA AAG ACC AAA CTT GGT AAA GAA 2688 
Arg Glu Leu Lys Glu Glu Cys Glu Glu Lys Thr Lys Leu Gly Lys Glu 

885 890 895 

TTG CAG CAG AAG AAA CAG GAA TTA CAG GAT GAA CGG GAC TCT TTG GCT 2736 
Leu Gin Gin Lys Lys Gin Glu Leu Gin Asp Glu Arg Asp Ser Leu Ala 

900 905 910 

GCC CAA CTG GAG ATC ACC TTG ACC AAA GCA GAT TCT GAG CAA CTG GCT 2784 
Ala Gin Leu Glu He Thr Leu Thr Lys Ala Asp Ser Glu Gin Leu Ala 

915 920 925 

CGT TCA ATT GCT GAA GAA CAA TAT TCT GAT TTG GAA AAA GAG AAG ATC 2832 
Arg Ser He Ala Glu Glu Gin Tyr Ser Asp Leu Glu Lys Glu Lys He 
930 935 50 940 


(52) 

101 102 
ATG AAA GAG CIG GAG ATC AAA GAG ATG ATG GCT AGA CAC AAA GAG GAA 
Met Lys Glu Leu Glu He Lys Glu Met Met Ala Arg His Lys Gin Glu 
945 950 955 960 

err ACG GAA AAA GAT GCT ACA ATT GCT TOT CTT GAG GAA ACT AAT AGG 
Leu Thr Glu Lys Asp Ala Thr He Ala Ser Leu Glu Glu Thr Asn Arg 

965 970 975 

ACA CTA Aa AGT GAT GTT GCC AAT CTT GCA AAT GAG AAA GAA GAA TTA 
Thr Leu Thr Ser Asp Val Ala Asn Leu Ala Asn Glu Lys Glu Glu Leu 

980 985 990 

AAT AAC AAA TTG AAA GAT GTT CAA GAG CAA CYG TCA AGA TTG AAA GAT 
Asn Asn Lys Leu Lys Asp Val Gin Glu Gin Leu Ser Arg Leu Lys Asp 

995 1000 1005 

GAA GAA ATA AGC GCA GCA Ga ATT AAA GCA CAG TTT GAG AAG CAG CTA 
Glu Glu He Ser Ala Ala Ala He Lys Ala Gin Phe Glu Lys Gin Leu 

1010 1015 1020 

TTA ACA GAA AGA ACA CTC AAA ACT CAA GCT GTG AAT AAG TTG GCT GAG 
Leu Thr Glu Arg Thr Leu Lys Thr Gin Ala Val Asn Lys Leu Ala Glu 
1025 1030 1035 1040 

ATC ATG AAT CGA AAA GAA CCT GTC AAG CGT GGT AAT GAC ACA GAT GTG 
He Met Asn Arg Lys Glu Pro Val Lys Arg Gly Asn Asp Thr Asp Val 

1045 1050 1055 

CGG AGA AAA GAG AAG GAG AAT AGA AAG CTA CAT ATG GAG CTT AAA TCT 
Arg Arg Lys Glu Lys Glu Asn Arg Lys Leu His Met Glu Leu Lys Ser 

1060 1065 1070 

GAA CGT GAG AAA TTG ACC CAG CAG ATG ATC AAG TAT CAG AAA GAA CTG 
Glu Arg Glu Lys Leu Thr Gin Gin Met He Lys Tyr Gin Lys Glu Leu 

1075 1080 1085 

AAT GAA ATG CAG GCA CAA ATA GCT GAA GAG AGC CAG ATT CGA ATT GAA 
Asn Glu Met Gin Ala Gin He Ala Glu Glu Ser Gin He Arg He Glu 

1090 1095 1100 

CTG CAG ATG ACA TTG GAC AGT AAA GAC AGT GAC ATT GAG CAG CTG CGG 
Leu Gin Met Thr Leu Asp Ser Lys Asp Ser Asp He Glu Gin Leu Arg 
1105 1110 1115 1120 

TCA CAA CTC CAA GCC TTG CAT ATT GGT CTG GAT AGT TCC AGT ATA GGC 
Ser Gin Leu Gin Ala Leu His He Gly Leu Asp Ser Ser Ser He Gly 

1125 1130 1135 

AGT GGA CCA GGG GAT GCT GAG GCA GAT GAT GGG TTT CCA GAA TCA AGA 
Ser Gly Pro Gly Asp Ala Glu Ala Asp Asp Gly Phe Pro Glu Ser Arg 

1140 1145 1150 

TTA GAA GGA TGG CTT TCA TTG CCT GTA CGA AAC AAC ACT AAG AAA TTT 
Leu Glu Gly Trp Leu Ser Leu Pro Val Arg Asn Asn Thr Lys Lys Phe 

1155 1160 1165 

GGA TGG GTT AAA AAG TAT GTG ATT GTA AGC AGT AAG AAG ATT CTT TTC 
Gly Trp Val Lys Lys Tyr Val He Val Ser Ser Lys Lys He Leu Phe 

1170 1175 1180 

TAT GAC AGT GAA CAA GAT AAA GAA CAA TCC AAT CCT TAC ATG GTT TTA 
Tyr Asp Ser Glu Gin Asp Lys Glu Gin Ser Asn Pro Tyr Met Val Leu 
1185 1190 1195 1200 

GAT ATA GAC AAG TTA TTT CAT GTC CGA CCA GTT ACA CAG ACA GAT GTG 
Asp He Asp Lys Leu Phe His Val Af0 Pro Val Thr Gin Thr Asp Val 
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2880 


2928 


2976 


3024 


3072 


3120 


3168 


3216 


3264 


3312 


3360 


3408 


3456 


3504 


3552 


3600 


3648 


(53) 

103 104 
1205 1210 1215 

TAT AGA GCA GAT GCT AAA GAA ATT CCA AGG ATA TTC CAG ATT CTG TAT 3696 
Tyr Arg Ala Asp Ala Lys Glu He Pro Arg He Phe Gin He Leu Tyi' 

1220 1225 1230 

GCC AAT GAA GGA GAA AGT AAG AAG GAA CAA GAA TTT CCA GTG GAG CCA 3744 
Ala Asn Glu Gly Glu Ser Lys Lys Glu Gin Glu Phe Pro Val Glu Pro 

1235 1240 1245 

GTT GGA GAA AAA TCT AAT TAT ATT TGC CAC AAG GGA CAT GAG TTT ATT 3792 
Val Gly Glu Lys Ser Asn Tyr He Cys His Lys Gly His Glu Phe He 

1250 1255 1260 

CCT ACT CTT TAT CAT TTC CCA ACC AAC TGT GAG GCT TGT ATG AAG CCC 3840 
Pro Thr Leu Tyr His Phe Pro Thr Asn Cys Glu Ala Cys Met Lys Pro 
1265 1270 1275 1280 

CTG TGG CAC ATG TTT AAG CCT CCT CCT GCT TTG GAG TGC CGC CGT TGC 3888 
Leu Trp His Met Phe Lys Pro Pro Pro Ala Leu Glu Cys Arg Arg Cys 

1285 1290 1295 

CAT ATT AAG TGT CAT AAA GAT CAT ATG GAC AAA AAG GAG GAG ATT ATA 3936 
His He Lys Cys His Lys Asp His Met Asp Lys Lys Glu Glu He He 

1300 1305 1310 

GCA CCT TGC AAA GTA TAT TAT GAT ATT TCA ACG GCA AAG AAT CTG TTA 3984 
Ala Pro Cys Lys Val Tyr Tyr Asp He Ser Thr Ala Lys Asn Leu Leu 

1315 1320 1325 

TTA CTA GCA AAT TCT ACA GAA GAG CAG CAG AAG TGG GTT AGT CGG TTG 4032 
Leu Leu Ala Asn Ser Thr Glu Glu Gin Gin Lys Trp Val Ser Arg Leu 

1330 1335 1340 

GTG AAA AAG ATA CCT AAA AAG CCC CCA GCT CCA GAC CCT TTT GCC CGA 4080 
Val Lys Lys He Pro Lys Lys Pro Pro Ala Pro Asp Pro Phe Ala Arg 
1345 1350 1355 1360 

TCA TCT CCT AGA ACT TCA ATG AAG ATA CAG CAA AAC CAG TCT ATT AGA 4128 
Ser Ser Pro Arg Thr Ser Met Lys He Gin Gin Asn Gin Ser He Arg 

1365 1370 1375 

CGG CCA AGT CGA CAG CTT GCC CCA AAC AAA CCT AGC TAA CTGCCTTCTA 4177 
Arg Pro Ser Arg Gin Leu Ala Pro Asn Lys Pro Ser 

1380 1385 
TGAAAGCAGT CATTATTCAA GGTGATCGTA TTCTTCCAGT GAAAACAAGA CTGAAATATG 4237 
ATGACCCCAT GGTACCCGGA TCCTCGAATC TTTTGCTTTT TACCCTGGAA GAAATACTCA 4297 
TAAGCCACCT CTGTAATCGG ATCCCCGGGT ACCGAAATAC TCATAAGCCA CCTCTGTAAT 4357 
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CGGATC 

mi] m^mRho^>y<:^mmmm^^^'r^^ 40 

mm^^. GST (I/— ^^1) . GDP-GST-Rh 
o A {\^—>2) . ^fcl-tCTPy S - GST-Rho 
A (V— ;x3) ^^t^^ju^^:^>-±':^r^—^':^ 

aJ^M^^GTP 7 S • GST-Rh o A>^^tf^ 
4) o 

[El2]Mono Q :^'7M.'^^'^h^^'^-C—{C 50 


4363 

mUmWi^MX-h^o CHAPS-^dbM^^SrMo n o 
Q :fyyMz.Mf^ Rh o^":^— ifSrNa C 1 il:^l<^gB 

[BIS] ^^^Rho^-r-^^tm^mKhoAtO^^ 

n^i^mm^. u--i^2^xxj^u—>' 4ns US-PA 

n [='S] GTPyS - GST-Rh o A$r. l^-V 
3^XXJ^\^-'>'4n [^^S] GTP-yS-GST-R 


(54) 
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h o A^'«^^^^:7'n — LT>^v^fcl/— VS-^ 

fo ^mt. Rh o^-^— ^COSDS-PAGEJiCDfit 

[13 4 1 !>v-Rh 0=^^— ^<0@ey >^>fl^tE^^bfc 

(#1mM) #^ET-CgSy ^'^'fbbfco 1/-^^ 
l:GST. I/— V2 : GDP • GST-Rh o A. U 

— >'3 : GTP y S • GST-Rh o A. 4 : G 
TPyS •GST-RhoA^'*'^ ^m^. Rh 

o =^':^— ^<7>S D S - P AGE_bcofiJ[m^^bTV^^o 10 

[05] GST. GDP • GST-Rh o A. fc^V^^^ 
GTPyS-GST-Rh o AcDV^'rtl.:^^^5^ffii-^^ 
#T-Cc^. ^7i/Rho:3e^-if{CJ;6^^y 

S6-<:/^K. aPKC (^4 0mM) 

>'^^t:oms Sr^ b -e ^ o 
IB 6] '^i/Rh o=3r-^-if(cJ:^S 6-<:7^^K (4 0 

p,M) <DV ^-Mit^. GTPyS-GST-RhoA 
(ImM) ^^^bfdlH-efc^o 
[071 !^v-Rh o:^r■:^-^f(;l<^:^^?/ 20 

^i^:/^- 5/ hcoy GTPvS-GST-R 

— VI : GST. 1/— V2 :GDP-GST-Rho 
A. I/—:/ 3 :GTPvS - GST-RhoAo 

v/^":^^K<oSDS -P 

AGE_bc^^i;rg>^^i-^ 

[0 8] i>->Rh o^-t-—- ^^(;i<J:5 S 6-<:7^^KcDy ^- 
^^t;^^L>^c0-efe6o meg^?^ : gtpy s-Rh o 
A mmkmmm . e^:^?!^ : gdp-rh oa m 

. : GTPy S-GST-Rh o A 30 

i^mm^m^mm . a^tL : GDP-GST-Rh o a 
[0 9] ^v^Rh o^-^-ifcDti^T^ yg?ga?y^^^b 

fc0r*fe^o ^->f^ii^ea^-e>)ffKb/::Rh o^ar^— 
^T^^LfCo Rh 0=^-:^— DNA^ 
[0101 ^^v-Rh o^-t-— if • t"^^ 

fe5o 40 

[011] ^i^YL\vo'^'r—-^(r>^'^mmu'^^'^7§^v. 

fcm^^ib^X-Cfc^o I/- VI :GST-RhoAT 
:7^::^^^— :;(7^A;6^t01%CHAP S^dj?e^. l/>- 
V2 : :^f^. V— V3 : /hfa. 1/-V4 : /L«. V— V 

8 : flfia. V-V9 : V-V 1 0 : 

li. Rh 0=^-^—- ^COSDS-P AGE_bO{5:S^^ 

[012] >r vt^l>a|iH?^(;iJ:t)'g'^b/c!:^-VRh 

If :a ^ yl. K - ^ yVffi^O ^ ® i: SttM R 50 
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h o ^O^'&^&^L/cli^^tb^K-^fc^o V-Vl : 
GST. V— V2 : GDP • GST-Rh o A. l^— V 

3 : GTPy S • GST-Rh o A. I/— >'4:GTP 
y S • GST-Rh o A^"'\ I/— VSrGDP 
•GST-Racl. V— V6 : GTP y S • GST- 
Racl. V— V7 : GDP • GST~H-R a s . V 
— VS : GTPyS -GST-H-Ra So 

[013] ^^VRh o^-^-iftcJ;^::^^ b y 
V^^ih::/^^?/ hcoy Vg^^kSrGTPy S • GST- 

R h o A;65ffi3ii-^ r ^ S:^ b:rcSM^ft^*-efc^o 

VI : GST. V2 :GDP-GST-Rho 
A. V— V3 : GTP y S • GS T-Rh o A. V— V 

4 : GTP y S • GST-Rh o A^'''\ V— V 

5 : GDP • GST-Ra c 1. V— V6:GTPyS 
'GST-Raclo V— VC0_h(0^^#^tt. y V^jt;cD 
aSSr^ GST (V— VI) co^-^Srl. Oi:Lf::i:^ 

[014] ^v-Rh o^-t— ^^SSte#6^^ce^!7 b y * 
^;^iyv^^f-:/n.^>:>; hco^;^y vg^^ki: ^ ;^i/v« 
Sg:7;^;^:7r^-ife't4<:o|5£W^^b/c0T*$>^o 
:j5i;U?eAfi. ^tt^tuGTP y S • GST-Rh o A 

co^^S-^:^y v^(DSi»9iA^<^^-ro mEg:ft?i^*5J: 
-Xl^m-hm^. ^n^^ttGTP y S-GST-RhoA 
#^T^fcl^^^^iT. ATP y SO#fiT-T?y V^>fb 
bfcRh o=¥■:^— ^^=grfflv^fcl^^-e^?^^;^--VVg^g::7;^ 

X:7r:^— ^CO^*f£tt^^i-o ^J^f^ATPy SCO#^ 
#feT (ip-i^y V^>^kbTV^/^V^Rh O^-^— if^fflV^ 

:^c»^) ■Cco5;^-vvS^:7;r^:7r^— ^^(^^^Stt 

[015] Rh o A^yeitlRh o A^'''^"^igiPJ(C 
^^^■^fc#N I H/3T3^Jiat5Sf^-C(?5^;^^/V^-^ 

hcoy v^^t:(OgS>lr^ufcli:m^tb^S-c 

fc^o V-V<0_h0^#^(i. y V^^kCO^ffi^^. GST 

(v-vi) <;>Ji^^i. 0 ^ L/ci totg^jit-e^L 

[016] Rh o A^/df^Rh o A^"^^=^3aSiI(- 
5&^$-^:^cN I H/3T 3^JiSttF^T?0^ ;ri/Vg^cO 

y v^^t;os«^^bfc0-e*>^o 
[017] T>i/Rh o^-^— $;ri>'VKi^c^y 

V^^bSr^Lfcm^^tft^MT-fc^o 

V^ig (0. 5 gCO:^ V/N^^K) Sr. GST (V— V 
1) . GDP-GST-RhoA (I/— V2) . GTP 
yS-GST-RhoA (l^— V3) . GTPyS-G 
ST-RhoA*^^^ (V— V4) . GDP -GST- 
Ra c 1 (V-V5) ^fct^GTPy S • GST-Ra 
cl (V/— V6) C0#fiET(-i3V^T)ft$ib;rc!>v'Rh o 
^r-^— if (^S' V>'N->^«2 0 n g) J: *9 y V®?>fb-r5 

^/c(iGST-^7i/Rh 0=^-^— ^ (^V/^^K5 
ng) (V-V7) ^fcfiC a'^*3j;T^:^/U^i^^ y V 
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C0##1ST (U->8) ^fc(i#fiT (V->9) {Cio 
(^>'^<^m5 j:/g)>^GTPyS-GST- 

VI 1) ^c^oV^Tl^ >-^>fbbfCo y >'^>^t:$^^fc^:^v' 
[Ell 8] !>i/Rh o=^-^-if{cJ:6^;^i/vg||coy 

v^^k^^b;rcE]-Cfo^o «>srco4<7>^ ;^ix:^g^^^R 10 

h o^-^— ^ClJ: I? y >^^>ft:LfCo TMLCJ 

>^m^. TRho-KinaseJ tlR h o if 
FMLC Kinasej :=^>i^mm^^-"^^. ^iv^ 

S • GST-Rh o A^^T. ^Sl(iGTPy S • GS 
T-Rh o A^#ftT(-43tt5Rh 

tt5 ^(;i<t^ y i^mt^^-To 20 

[[11191 ^;^v've«goy v^>fb-<:7^^K<D-=e^;/b''>^ 

(0. 5 M g<^i5?i//-^^W) ^Rho=¥-^— if (Rho 
-Kinase) . ^ :^->l^mm^'r—^ (MLC Kinase) 
^/ct*:7^t3 7^^>-^r-^-if C (PKC) tcj: y v^jk 

bfco y i^mit^^fc ^ yt>^>mm^ h y y'^^i^-r^mit 

WW^'WM.'X:^^, %.isr^yiym,^ (MLC) . GST. G 
ST-5;^i/>'ftig (GST -MLC) ^/citiGST- 

(#2jLiM) ^lI^L;^ciil 
fC. m»Rho^-:^-if (2 0 n gO>5^ V/>">5^«) , G 
ST-Rho:^'^— ^ {\OTx%<D^ly^<^W) . ^;^ci 
{i^;^i/>'^^i:^r-^-if i\0xv%(D^ly^<^{7m {-<t 
ory ^-^^^fkbfco l/-Vl'-4 : ^;<rv^v6mS:ffiK 
Rh o^-^—- ^^-ey >^®'fl:;L;^Co i/— ^^S-'S : 5;^^^ 
>'S«S^GST-Rh o^*^—- ^(Cj:oTy l^mtl^ 40 

-iftcj: 1? y >^^>ft:Lyhe v-^-l. 5*5J;D?9 : ^ ;^ 
v^:/6^. I/— >^2. 6. 0 : GS T. 

3. 7. :JoJ:U?l 1 : G S T - ^ ^v- VfeiS, I— 

4. 8. *5i;TJ^l 2 : GST"5;rw^ig 

[E12 1] T^^VtcJ: t)ffiti{t;$tuytMg ATPT- 
iffg^fC^-r 6 ^7 v-R h o ^-r—^izx^ ^ ;r>-^^<o y 
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(head) (DV^miti^^-r^h^o ^::^>^>'SrGST • R 

-if (mmm tth^. fc^v^^^:^•^— ^##ffiT 

ATP T-if Sl^Sr^vSr /^JgSO F - T ^^><D^&T 
t*ffl!)SLfc^L/cffi(^HlHlC0SttSI@^<0^i^±S. E. 

[112 2 1 Rh o^l-'y<^9. Rho=^-^— if (Rho 
-Kinase) :}o J:!^^ :7 r ^ -if fC J: ^ ^ 

Myosin: 5;rv'>'. MBS : 
y ho 

[132 31 mny— • :7'y ^> K • l^:^'rM^X,^R 
h Oi?^V^^^K^ t hRh o=3r-^-if:^V/^:^^«i:<7>^ 

[1112 4] Triton X-100(C J; oTSiStt^/L51^-^:^c»^ 
1^=¥F!fRifiL«^R h o ^^-"^tmm^^^ Z.h^7T^\. 
fcm-Cfc^o Rh.o^^—^ (CAT) Sri^*6^{C^1^ 
=¥P!J5fl!(^jfiLW¥?tjffi^;*:(^^A$-^:^Co pCa6. 5 

(a*3j:U?b) ^fcf^p C a << 8. 0 (c) (CTTrit 
on X-100(;iJ:oTSiltt^7tit$-fr:^c^7i^=¥PWjfiLW^ 
;*:^-P^$ii::/^c3i;^^SiS^0ft^6^)/J:lS^^^LTV^^o 

^n^fccD^mm^-mt 3 5 m(om^ bfcus^^^^^c^ 

ft^^J-Cfc^o Rho=^■:^— if (CAT) (DUmW}^ 
fi. Rho=¥-^— ^ (CAT) ^^^^-r^r t(;^i:o 
T^:^{C7u(;iMofci (b) o "^/c. cT*fi. -<t^/V 
(vehicle) <7>S^ffl»^ h — ^/l^<OchamberCO» (2 

0 0 M 1 ) fe>^v"— v^r*^Lfco 

[1112 51 Triton X-100{C1 J: o TSaltt^/Cil ^iirfc 

^^f^miSL^<OW^(D^^^ (contractile sensitivit 
y) t^RYv o^-r—^KX^XXM^^^ (potentiate 
s) Z.k^TT^l.fzLm'Q'hho 

a : 7. 5nM R h o =^-^— ^ (CAT) ^ 
yht^SOOnM OA (^A) 0#ffiT-CO p C a t ^ 
ti<Dm%o pCa7. 0KT-e(^7. 5nMcORho=^ 
-^-if (CAT) \Z.X^X±}:.fc^:h(Onm't. basal 
W^/l^-Cfco^Co Steady-state<D C a k^t3(Om% 

Rho=¥-^-if (CAT) #ffiT (a^) ^fct^O 
A#*T (^^) fc6V^^l#^#^T (SH^ -m*^ : ^ 
fig) -e. S^J!aM(Z>C a '■'?g^^cummulativet;^±#$ 
-^^rttilj; tl#fCo Rho=¥'t-— ^ (CAT) 
T^fc{:iOA#^£T-e<o4K^co^Stt<0_b#^^-rf::ie) 
t:::. ^>sr(^5g;^S/t4^^fig<^p C a 4. 5-r<D^;^^l 

Sr, «IWt^Ca'-^JgS^pCaT% ^^^^^^^Lrv^ 
#>srcoffl(i4[Hlo|giiJ:«9#e>tt:^c^*&ffi±^'*<l 

b : Triton X-lOOfC J: o TSigtt^/Lii $-^fc 5^-y-=^P! 
J|RjfiL^{:i*5tt^Rh o^r-:f-if (CAT) <Z)fflS-R;^; 


(56) 

109 

ftl|{CS.t^i"wortmannin (WM) ^ :t^^>'U^^ 

■^-if (MLCK)(DiJa»^j) (DSb^o mmnpcae, s-c 

CO. figf^(ip C a << 8. 0 (lOmM EGTA-Cig 
-ecO?a:^^^^^^i^^LTV^^o Steady sta 
teCOmtlRJt^^. 1 0 M McDWMcD#ffiT (^^{^ p C 
a 6. 5. p C a << 8. 0{C:Jott5) ^iTct* 

^#^5ET (S^itLf^p C a 6. 5. aH:^(^pCa<< 
8. 0(;^*5lt6) -e. Rho^-^—- ^ (CAT) (Dcxmm 
ulative*g§*DtC J: t)#fCo p C a 4 . 5 

;^(Offl*rffiSr. ^IttttRh o^■:^— ^ (CAT) (D^/u 
®m (mM) Sr-^n-^tt^LTV^^o CDffif* 5 - 8 
lHlc^^i^J;*9#&n/c¥^ffi±^5e^i^-e*>5o ANO 
VA»W^»tH-^65/c^*««^^^-r6<0(c«V^fCo 
0. OSWTOPffi (P value) =Jr r^fi-jS-^fc^J 

bfc (** : n<0. 0 1 N. S. : ^^^/^ 
b) o 

[1112 6] R h o C a ^+#ffife#&^55>oWo 

rtmannin#i®gtt^<C<t^T\ Triton X-lOOtC J: o TiS 

a : Triton X-100{C J: oTSiatt^/Lil^-^f:: ^71^=^P! 

(MLC-PO) :^J:t/-'y V^>fl:$ti.fc^;e->^>-e^ 
(MLC-Pl) ^^V-^^u—zi^-^m^^VT^ V/UT 

Ca<<8. 0 ;U—>2. pCa6. 5) tl^MM^ 
(C. 0. 2 5 5 ;:iM<^Rh o if (CAT) 1 30 

OmMOWMO^^^T (W— >2. 5) *5J:i;?#:fiET 
(U—>3. 6) ^C45V^T. pCa<<8. 0 (10m 
MEGTA ; W VI - 3) *3J:t^p C a 6. 5 (W— 

b : 1 0 juM<OWMcD#^ET^fc(i##ffiT(C:Jo(t^5 

;rv^^^«fg<oy (e^§:(7):^M) ^itjt^s 
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]^jC5^L.fcJft»Rh o^-^-if (W-Vl. 3) . Rh 
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